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Word decoding, spelling, and reading comprehension are closely related to each 
other in learning to read (e.g., Garcia & Cain, 2014; Perfetti & Stafura, 2014). Cognitive 
and linguistic child factors (Melby-Lervåg, Lyster, Hulme, 2012; Moll et al. 2014; Torppa, 
Georgiou, Niemi, Lerkkanen, & Poikkeus, 2016), on the one hand, and family risk of 
dyslexia and linguistic background factors (e.g., Geva, Yaghoub-Zadeh, & Schuster, 
2000; Van Bergen et al., 2011) on the other hand, have been shown to be predictive 
for the development of these interactive processes in learning to read. However, 
critical tipping points during early reading development are still not well defined, 
due to a lack of true longitudinal designs with the right chosen intervals (Little, 
2013). It remains unclear how word decoding, spelling, and reading comprehension 
throughout the early elementary grades develop and how they build on child 
and family characteristics assessed before the start of formal reading instruction. 
Therefore, the current dissertation aimed to gain insight into the variation in word 
decoding, spelling and reading comprehension as interactive processes of learning 
to read with a focus on the role of cognitive and linguistic precursors, family risk and 
linguistic diversity in a representative sample of children followed from kindergarten 
till third grade in the Netherlands.
Learning to read
Word decoding development
Formal instruction is required to develop full reading skills. Ehri, Nunes, Stahl, 
and Willows (2001) showed the importance of systematic phonics instruction in 
learning to read. During the first steps of reading development, children learn how 
graphemes systematically correspond to phonemes, and how these phonemes can 
be blended to form words. This systematic mapping and blending of graphemes 
into phonemes is called phonological recoding, and this results in actual word 
decoding. Share (1995; 2004) explicated how phonological recoding is the first and 
most fundamental aspect of successful reading development. If children are able 
to crack the written code by phonological recoding, theoretically, they are capable 
of ‘translating’ all possible words from symbols into sounds by a self-teaching 
mechanism. Even unfamiliar words and word parts that they have never seen before 
could be decoded. 
Once this engine of the alphabetic principle is running, children can develop their 
basic reading skills and become more efficient and fluent readers. That means, they 
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are able to store words and word parts that they encounter in their mental lexicon 
(Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001). Proficient readers can make use 
of this storage of words, by retrieval of orthographic information directly from the 
mental lexicon, instead of actively recoding and blending all graphemes one by 
one. Also, top down relations with semantic information are formed in the mental 
lexicon. The triangle model of reading (Harm & Seidenberg, 2004; Plaut, McClelland, 
Seidenberg, & Patterson, 1996) describes how individual variation in reading ability 
derives from variation in the quality of phonological, orthographical, and semantic 
information, and the interactive and mutual connections between these three 
sources of linguistic information. Information in the mental lexicon becomes better 
specified with growing reading experience (Perfetti, 1992; 2007), and the quality 
of information in the mental lexicon, in terms of precision and redundancy, is 
suggested to determine the efficiency of word decoding, spelling, and later reading 
comprehension. 
After mastering the first fundamental word decoding skills, further development has 
been shown to be highly stable over time (Caravolas, Lervag, Defior, Malkova, & Hulme, 
2013; Verhoeven & van Leeuwe, 2009). That means that skills in early development 
were found to be highly predictive for later reading performances. Therefore, to 
generate proficient later reading skills, the major job of reading instruction seems 
to equip children with a solid foundation of word decoding skills from the start. 
Although models and theories have been proposed, previous empirical literature is 
not very pronounced about how word decoding efficiency develops during, instead 
of after, the first fundamental phases of reading development. Moreover, insofar the 
role of word decoding efficiency has been examined, most studies have described 
reading development in the opaque outlier orthography of the English language, 
while less attention has been paid to more transparent orthographies (Share, 2008).
Spelling development 
In addition to developing proper word decoding skills, learning to read also includes 
the development of spelling skills, which involves the active analysis of spoken words 
into phonemes and to convert these to graphemes. Children in the early grades of 
elementary school learn to read and spell more or less simultaneously (Mommers 
et al., 2003). For correct word decoding, children can initially highly rely on their 
grapheme-to-phoneme knowledge, whereas for spelling the active generation of 
an orthographic structure is additionally required from the very beginning (Fletcher-
Flinn, Shankweile, & Frost, 2004).
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Previous research has shown high stability in spelling development (e.g., Keuning 
& Verhoeven, 2008; Lervag & Hulme, 2010). That means that children who are good 
at early spelling tasks, are more likely to remain good spellers over time. However, 
the autoregression in spelling development is assumed to be less consistent as 
compared to word decoding development (Desimoni, Scalisi, & Orsolini, 2012; 
Pinto, Bigozzi, Tarchi, Gamannossi, & Canneti, 2015). In addition, individual variation 
between children is found to be higher in spelling as compared to word decoding 
skills (Gebauer et al., 2012). 
It has been suggested that spelling skills and word decoding skills derive from 
the same phonological, orthographic, and semantic components (e.g., Coltheart 
et al., 2001; Plaut et al., 1996). Pugh et al. (2006) found that the same brain regions 
were activated in spelling and in word decoding, and behavioural studies found 
strong relations between word decoding and spelling performances (e.g., Ehri, 
1989). However, although reading and spelling indeed rely on the same alphabetic 
principles (e.g., Foorman, Arndt, & Crawford, 2011; Shanahan, 2006), they are 
independent, instead of inverse, processes (Abbott, Berninger, & Fayol, 2010). Several 
studies found relations between reading and spelling development, but findings 
are inconsistent about the specific direction of the relation. Whereas some studies 
found bidirectional relations at some points during development (e.g., Abbott et al, 
2010; Lerkkanen et al., 2004), the contribution of spelling to reading development 
was not consistently found. Most studies suggested largely unidirectional relations 
of reading to spelling development (Ahmed et al., 2014; Babayigit & Stainthorp, 2010). 
Different findings might be due to different characteristics in studied orthographies, 
and different measurement intervals and periods of interest. Literature so far is not 
conclusive about the integrated development of early word reading and spelling 
skills. 
Reading comprehension development
Once efficient word decoding skills have been developed, gradually the development 
of higher order reading comprehension skills comes into account (Perfetti, 1992; 
Stanovich, 2000). These skills are related to the construction of a coherent mental 
representation of written text. Such a mental representation is built from meaningful 
relations in the text itself and from background knowledge of the reader (Kendeou, 
van den Broek, White, & Lynch, 2009; Oakhill & Cain, 2007; Perfetti & Stafura, 2014). 
The synergy of phonological, orthographic, and semantic information is required for 
understanding written text.
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Reading comprehension directly builds on word reading skills, as has been shown 
in (elaborations of ) the Simple View of Reading (García & Cain, 2014; Gough & 
Tunmer, 1986) and in the Lexical Quality theory (Perfetti, 2007). In empirical studies, 
automatization of word decoding skills has indeed been found to be essential for the 
development of reading comprehension (Foorman, 1997; Garcia & Cain, 2014; Perfetti, 
1992; Perfetti & Stafura, 2014; Stanovich, 2000). Linguistic skills are considered to be 
essential predictors of reading comprehension development (Gough & Tunmer, 1986). 
Less developed linguistic skills, for example due to learning in a second language, 
might interfere in the relation between word decoding and reading comprehension. 
The interrelations between early word reading and early reading comprehension 
have not profoundly been studied from a developmental perspective (but see 
Verhoeven & van Leeuwe, 2008), not to mention their interrelated development in 
terms of second language learning (Durgunoğlu & Verhoeven, 2013). 
Variation in learning to read
Precursors of learning to read 
Prior to formal reading development, children already start to develop cognitive and 
linguistic precursor skills. Large individual variation was found in these cognitive and 
linguistic skills in kindergarten (e.g., Kirby, Desrochers, Roth, & Lai, 2008; Landerl et 
al., 2013, Moll et al., 2014). With reference to the Triangle model of reading (Harm & 
Seidenberg, 2004; Plaut et al., 1996), kindergarten precursor measures of orthography, 
phonology, and semantics are predictors for individual variation in reading and 
spelling development. Also, memory skills are evidenced to be predictive for reading 
and spelling development. Indeed, measures of phonological awareness, grapheme-
to-phoneme knowledge, rapid naming, and visual and verbal short term memory 
skills have been found to be contributive to the prediction of reading and spelling 
development (Al Otaiba et al., 2011; Kirby, Georgiou, Martinussen, & Parrila 2010; 
Melby-Lervag et al., 2012; Moll et al. 2014; Torppa et al., 2016; Van den Boer, de Jong, & 
Haentjens-van Meeteren, 2013). In addition to these precursors, vocabulary skill was 
indicated to be additionally contributive as a predictor of reading comprehension 
(e.g., Oakhill & Cain, 2012). 
Regarding the first precursor, phonological awareness, kindergartners become aware 
that spoken words consist of smaller sound units and that they can manipulate 
with these units to form new words from (Coltheart et al., 2001). In addition, 
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children gradually learn that spoken sound units (phonemes) correspond to 
written symbols (graphemes), which is called grapheme-to-phoneme knowledge. 
A strong relation has been evidenced between both phonological awareness and 
grapheme-to-phoneme knowledge, and word decoding development (Oakhill & 
Cain, 2012; Vellutino, Fletcher, Snowling, & Scanlon, 2004). For spelling development, 
phonological awareness and grapheme-to-phoneme knowledge also seem 
relevant precursors (e.g., Caravolas, Hulme, & Snowling, 2001; Furnes & Samuelsson, 
2010; Nikolopoulos, Goulandris, Hulme, & Snowling, 2006). Relatively few studies 
investigated how phonological awareness influences later reading comprehension. 
Mixed results have been found (see Garcia & Cain, 2014), but a direct contribution 
has been evidenced even after controlling for the prediction by word decoding skills 
(e.g., Parrila, Kirby, & McQuarrie, 2004).
Regarding rapid naming (RAN), kindergartners playfully refine automatic lexical 
retrieval skills, which means that they are able to automatically name pressed 
information units (pictures, numbers, letters) from memory. Kirby et al. (2010) 
evidenced that rapid naming was an independent predictor of a variety of reading 
tasks, including word decoding, spelling, and reading comprehension. In line with 
their finding, relations of rapid naming with code-based tasks (word decoding and 
spelling) have been found in a large amount of studies (Caravolas et al., 2012; Furnes 
& Samuelsson, 2010; Moll et al., 2014; Verhagen, Aarnoutse, & Van Leeuwe, 2010), 
although some (e.g.,Vaessen & Blomert, 2013) found no direct contribution of rapid 
naming to spelling skills. The relation of rapid naming with meaning-based tasks 
involving reading comprehension was less studied.
In addition, short term memory has been shown to support later reading 
development (e.g., Bosse & Valdois, 2009; Van den Boer et al., 2013). That is to say, 
readers should be able to simultaneously store, process, and retrieve information 
in order to develop efficient and automatic word reading and spelling skills (code-
based reading skills; Lervåg & Hulme, 2010; Van den Boer et al., 2013), and to give 
meaning to and comprehend written text (meaning-based reading skills; Cain, 
Oakhill, & Bryant, 2004; Seigneuric, Ehrlich, Oakhill, & Yuill, 2000). 
The final mentioned precursor for learning to read is vocabulary. Children build upon 
their vocabulary, both actively and passively. Vocabulary knowledge is predictive for 
later reading comprehension (Gough & Tunmer, 1986; Lerrkanen et al., 2004; Oakhill & 
Cain, 2012), because it helps to give meaning to written text. To a lesser extent, it has 
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also been found to be related to the orthographic elements in both efficient word 
decoding and spelling (Nation & Snowling, 2004).
In sum, individual variation in kindergarten child factors has been shown to 
be predictive for later word decoding, spelling, and reading comprehension 
development (Coltheart et al., 2001; Kirby et al. 2008; Landerl et al., 2013; Melby-
Lervag et al., 2012; Plaut et al., 1996). No consensus has been reached, however, on 
how and to what extent the specific reading related components are determined 
by the precursor skills. In addition, what remains uncertain is whether and to what 
extent the wide range of kindergarten precursors co-act and contribute to the 
development of the different components of reading development as soon as the 
integrated processes of the reading components were taken into account. Although 
both word reading and spelling partly rely on the same cognitive and linguistic 
components, it is too simplistic to conclude that word reading and spelling would 
therefore be predicted by the same composition of kindergarten skills (Ahmed et 
al., 2014; Babayiğit & Stainthorp, 2010; Caravolas et al., 2001; Caravolas et al., 2012; 
Nikolopoulos et al., 2006; Torppa et al., 2016). Moreover, apart from vocabulary skills, 
individual variation in reading comprehension is also impacted by the lexical quality 
of word representations, as comprised in word decoding skills (e.g., Perfetti, 1992; 
Perfetti, 2007; Perfetti & Hart, 2002; Richter, Isberner, Naumann, & Neeb, 2013). It is not 
yet clear how and to what extent early individual variation in child factors impacts 
reading comprehension, over and above the important impact of language and 
word decoding skills.
Role of family risk factors
Variation in early reading development is not only predicted by cognitive and 
linguistic child characteristics, but also by characteristics of the family. To begin 
with, there is the factor of family risk for dyslexia. Several studies have evidenced 
that children with parents or siblings with severe reading problems (dyslexia) have 
elevated chances to develop reading problems themselves too (Boets et al., 2010; 
Olson, Keenan, Byrne, & Samuelsson, 2014). Prior to actual reading problems, children 
at family risk for dyslexia already show delays in kindergarten cognitive and linguistic 
skills (Carroll, Mundy, & Cunningham, 2014; Dandache, wouters, Ghesquière, 2014; 
Moll et al ., 2013; Snowling & Melby-Lervag, 2016). Studies indicated that children at 
family risk experience problems with code-based precursor skills (e.g., phonological 
skills, grapheme-to-phoneme knowledge, lexical retrieval; Boets et al., 2010; Olson 
et al., 2014). Ziegler, Perry, and Zorzi (2014) found that the delays in code-based 
General Introduction  |  17
    1
precursor skills had negative effects on the development of stable orthographic 
representations, resulting in delayed word decoding and spelling skills for children 
at risk. Indeed, literature (Van Bergen et al., 2011) showed that, children at risk for 
dyslexia scored below a control group during early word decoding development, 
and the gap between their performances became larger over the years. 
Studies on children at risk for later reading problems generally investigated the 
reading development beyond the first fundamental word decoding development. 
Since most studies did not include the overarching set of kindergarten measures, and 
since skills were measured in different phases of learning to read, it is not yet clear 
how and to what extent children at risk differ on precursor measures as compared 
to their peers. Furthermore, for better understanding of the reading development of 
the risk group, this development should be studied during the phase of mastering 
the basic principles of reading. Insight in how variation in early reading development 
unfolds for children at genetic risk for later reading problems could inform early 
prevention for children at risk.
A second family risk factor is linguistic diversity. Many children originate from 
linguistically diverse families which means that they are confronted with the task 
to learning to read in a second language (L2; Genesee, Paradis, & Crago, 2004). The 
development of second language reading in many cases can be called at risk, because 
L2-skills in the domains of phonology, vocabulary and grammar often stay behind as 
compared to the skills of native language speaking peers. Reading development in 
L2-learners is less comprehensively studied as compared to L1-reading development 
(Durgunoğlu & Verhoeven, 2013). Therefore, it is not yet clear to what extent second 
language reading development compares to first language reading development. 
Previous research has shown that L1- and L2-learners in elementary grades perform 
similarly on a wide range of basic cognitive and linguistic skills measuring precursors 
of lexical quality and of memory, such as nonverbal reasoning, rapid naming, 
phonological awareness, and short term memory (Geva et al., 2000; Lipka & Siegel, 
2012; Raudszus Segers, & Verhoeven, 2018). However, as soon as language related 
skills in their second language were assessed, L2-learners often face difficulties as 
compared to L1-learners (Farnia & Geva, 2013; Raudszus et al., 2018; Verhoeven & van 
Leeuwe, 2012). Specifically, their vocabulary is found to be smaller as compared to 
their first language learning peers (Droop & Verhoeven, 2003). 
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Word decoding development has been found to be similar for L1- and L2 learners, 
already from the start of formal education (Lesaux & Siegel, 2003; Mancilla-Martinez 
& Lesaux, 2010; Melby-Lervag & Lervag, 2014; Verhoeven, 2000). In addition, it has 
been found that the prediction of word decoding from kindergarten measures 
in L2-learners is highly comparable to that of L1-learners, despite the variation in 
kindergarten profiles (Geva & Yaghoub-Zadeh, 2006). In contrast to word decoding 
skills, L2-learners often lag behind in reading comprehension development 
(Babayigit, 2014; Geva & Farnia, 2012; Melby-Lervag & Lervag, 2014). Only a few studies 
that examined reading comprehension in second-language learners have studied 
the same group of children across time. Mostly, cross-sectional designs have been 
used (but see Verhoeven & Van Leeuwe, 2012). It remains unclear to what extent the 
development of L2-reading comprehension builds on the same precursor measures 
as L1-reading comprehension. In addition, it is far from clear how early reading 
comprehension development and the interrelation with word decoding differs for 
L2-learners as compared to L1-learners. Although both subsamples of children at 
family risk, that is children at risk for dyslexia and second language learners, are at 
risk for problems in reading development, the organization of the components that 
cause their problems might differ fundamentally.
Present study
Educational background
The focus of the present study was on the variation in early reading and spelling 
development in a representative sample of 1000 children in the Netherlands. In 
all schools, reading was taught through a highly systematic, phonics based Dutch 
reading curriculum (Veilig Leren Lezen; Learning to Read Safely; Mommers et al,. 
2003), starting in Grade 1. Most reading studies up till now have been conducted 
in the English language. English has an outliers status of opaque orthography 
(Share, 2008), meaning that words cannot easily be decoded by simply following 
grapheme-to-phoneme correspondence rules. Early reading processes in English 
immediately ask for interference by orthographic learning aspects. In a comparative 
study across orthographies, Ziegler et al. (2010) found that most predictors of reading 
performance were relatively universal across alphabetic languages. However, the 
exact impact of the kindergarten precursors on reading development was found 
to be modulated by the transparency of the orthography. Therefore, it is relevant 
to study early reading development in other orthographies than the English. In 
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comparison to other alphabetic languages, Dutch has a transparent orthography 
(Seymour, 2003; Ziegler et al., 2010). Studying developmental processes in Dutch 
language readers thus provides the unique opportunity of a more unimpeded, 
uncluttered, and pure study of mastering word decoding, spelling and reading 
comprehension in the early grades. 
Rationale 
The Lexical Quality theory (Perfetti, 2007) and the Triangle model of reading (Harm & 
Seidenberg, 2004; Plaut et al., 1996) provide a theoretical framework for the impact 
of linguistic domain skills to learning to read. Furthermore, Perfetti and Stafura 
(2014) incorporated the reading components in a theoretical framework, modeling 
the interactions between phonology, orthography, and semantics, as well as 
between word decoding, spelling and reading comprehension. In these theoretical 
models, connections and interactions between phonology, orthography, and 
semantics are specified and related to reading and reading development. Proposed 
connections and interactions in theoretical models give rise to individual variation 
in reading ability. Furthermore, empirical studies indicated that variation in reading 
development is also impacted by family risk for dyslexia (van Bergen et al., 2011) and 
linguistic diversity (Geva & Farnia, 2012).
Previous studies are not conclusive about how early word decoding, spelling, 
and reading comprehension develop, how these components of learning to read 
are interrelated to each other, and how this is incited prospectively by individual 
variation in cognitive and linguistic precursor skills of reading, measured prior to 
formal reading instruction. Therefore, the exact nature of variation in early reading 
and spelling development remains unclear. Only few researchers have longitudinally 
studied the fine-grained steps that children make to progress from pre-alphabetic 
phases towards proficient reading and spelling. By studying the integrated early 
development of reading in a population wide sample, the present dissertation aimed 
to gain further insights into the processes that underlie variation in early reading 
development. To also study the role of family risk in terms of dyslexia and linguistic 
diversity, the current study further examined how the reading development of 
children with parents or siblings with dyslexia, and of children who learn to read in 
a second language differ from the typical development of reading. The current state 
of literature is in need for disentangling the developmental issues in the general 
population, as well as in subsamples of children at risk.
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The first aim of the present dissertation was to examine the integrated development 
of word decoding, spelling, reading comprehension from the start of formal reading 
instruction. The second aim was to reveal how the individual variation in early 
reading development can be explained from child profiles of precursor measures, 
and of family factors of risk for dyslexia and linguistic diversity. 
These aims resulted in two overarching research questions:
1.  How do early word decoding, spelling, and reading comprehension develop 
over time? 
2.  To what extent can the development of early word decoding, spelling, and 
reading comprehension be predicted from cognitive and linguistic precursor 
measures, family risk for dyslexia, and linguistic diversity?
Outline of the dissertation
To address the first research question, developmental trajectories of word decoding, 
spelling, and reading comprehension were longitudinally studied and related to 
each other, using structural equation modeling (SEM). In the first months of formal 
reading instruction, monthly measurements of word decoding were conducted 
in over 1000 Dutch children to grasp the incremental character of mastering the 
alphabetic principle (Chapter 2 and 4). Thereafter, as reported in Chapter 3, the 
interrelation of word decoding development and the simultaneous development 
of spelling skills was studied using measurements of each half a year of instruction 
in Grade 1 and 2. In Chapter 5, the early word decoding development was related 
to reading comprehension development up to halfway Grade 3 (with the age of the 
children around 8-9 years). 
The second aim of the current dissertation was to relate the components of early 
reading development to cognitive and linguistic child factors, and to family profiles. 
Therefore, for word decoding, spelling, and reading comprehension it was examined 
how the early development was built upon kindergarten profiles of cognitive and 
linguistic precursor measures (Chapter 2, 3, 4, 5). The models studied in Chapter 4 and 
5 go one step further, since prediction paths and developmental paths of reading in 
the general population were additionally compared to the early developmental paths 
in risk groups for code-based skills (Chapter 4, risk for dyslexia) and for meaning-based 
skills (Chapter 5, second language reading). Finally, an overarching interpretation of 
the key findings concerning variation in early reading development, followed by 
overall theoretical and practical educational implications is given (Chapter 6). 
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Abstract
The present longitudinal study aimed to investigate the development of word 
decoding skills during incremental phonics instruction in Dutch as a transparent 
orthography. A representative sample of 973 Dutch children in the first grade (Mage 
= 6;1, SD = 0;5) was exposed to incremental subsets of Dutch grapheme-phoneme 
correspondences during 6 consecutive blocks of 3 weeks of phonics instruction. 
Children’s accuracy and efficiency of curriculum embedded word decoding were 
assessed after each incremental block, followed by a standardized word decoding 
measurement. Precursor measures of rapid naming, short-term memory, vocabulary, 
phonological awareness, and letter knowledge were assessed by the end of 
kindergarten and subsequently related to the word decoding efficiency in the first 
grade. The results showed that from the very beginning, children attained ceiling 
levels of decoding accuracy, whereas their efficiency scores increased despite the 
incremental character of the consecutive decoding assessments embedded in 
the curriculum. Structural equation modelling demonstrated high stability of 
the individual differences assessed by word decoding efficiency during phonics 
instruction during the first 5 months of the first grade. Curriculum embedded word 
decoding was highly related to standardized word decoding after phonics instruction 
was completed. Finally, early literacy and lexical retrieval, and to a lesser extent 
verbal and visual short term memory, predicted the first fundamental processes of 
mastering word decoding skills. 
Key words: decoding, phonics instruction, early literacy, phonological awareness, 
longitudinal 
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Introduction
Emergent literacy programs have become an essential part of preschool and 
kindergarten programs and policies nowadays. By storybook reading and interactive 
language games, these programs playfully focus on phonological awareness, 
grapheme-to-phoneme knowledge, and vocabulary. As a result, children make 
substantial progress in these domains (Piasta & Wagner, 2010; Whitehurst & Lonigan, 
2001; Yaden, Rowe, & MacGillivray, 1999), and such affordances predict children’s word 
decoding development in subsequent years (Bus & van IJzendoorn, 1999). Although 
encouraging, these emergent literacy programs do not reduce the importance of 
systematic phonics instruction in learning to read in the first grade (Ehri, Nunes, 
Stahl, & Willows, 2001). In systematic phonics instruction, prespecified sets of 
phonic elements, such as grapheme-phoneme correspondences, are incrementally 
being taught and simultaneously applied in reading words and text. Therefore, 
phonics instruction helps children to develop reading skills. Only very few studies 
have documented the steps that children make to progress from pre-alphabetic 
phases to actual alphabetic reading. Thus, the ways in which children internalize an 
increasing stock of essential grapheme-phoneme correspondence and blend rules 
remain unclear. Additionally, the relationships between these initial steps in reading 
development and the cognitive and linguistic abilities that children have attained 
before the start of formal reading instruction have not been identified. Therefore, 
in the present study, we examined the development of word decoding skills in 
incremental phonics instruction in Dutch as a transparent orthography. 
Learning to read typically evolves in different phases along a continuum (Ehri, 2005; 
Ehri & McCornick, 1998), starting with the transition from a nonreading pre-alphabetic 
phase in kindergarten, to a partial alphabetic phase, and finally to a full alphabetic 
phase of reading during first grade. During these initial phases, children gradually 
learn how graphemes systematically correspond to phonemes and how they can 
blend the phonemes to form words. Reading words by systematically mapping and 
blending the phonological elements within words is called phonological recoding. 
Phonological recoding has been proposed to be a fundamental aspect of successful 
reading development (Share, 1995). It allows children to translate unfamiliar words 
from symbols into sounds without ‘external’ feedback from a teacher. Hence, this 
solid baseline of phonological recoding functions as a self-teaching mechanism for 
further word decoding development (Share, 1995, 1999, 2004). Through repetitive 
word decoding, words or word parts will be stored in a so called orthographic lexicon 
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(Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001). With growing reading experience, 
words in the orthographic lexicon become better specified (Perfetti, 1992), which 
enables children to deploy orthographic information directly from the memory 
instead of actively converting and combining all graphemes into phonemes. This 
makes word decoding faster, more efficient, and it provides children with additional 
equipment while decoding words which include unfamiliar graphemes (Gilbert, 
Compton, & Kearns, 2011). 
Systematic phonics-based instruction methods are based on the assumption 
of incrementally building a solid baseline of alphabetic knowledge in order to 
further support the building of an orthographic lexicon through the self-teaching 
mechanism. Explicit incremental instruction provides children with a systematic 
guidance through this phase of mastering the alphabetic principle. Simultaneously, 
the development of the self-teaching mechanism of word decoding is optimally 
triggered. During incremental phonics instruction, a small set of grapheme-phoneme 
correspondences is first presented to the children who practice them by reading 
words and short sentences comprising trained graphemes. After an intensive training 
with this first set of graphemes, subsequent sets of new graphemes are incrementally 
added to the baseline set. Every time a set of new graphemes is added, the full 
set of graphemes is repeatedly practiced in words and sentences to give children 
the opportunity to apply and consolidate all grapheme-phoneme correspondence 
and blend rules that have been acquired (see Ellis & Ralph, 2000). This controlled 
environment of learning to read provides an opportunity for children to practice 
conversion rules and blend skills without being bothered by unknown graphemes 
and orthographic units that they have not been taught yet. Evidence suggests that 
systematic phonics instruction is highly successful in teaching children word decoding 
(e.g., Ryder, Tunmer, & Greaney, 2008). Ehri et al.’s (2001) meta-analysis of 38 studies 
clearly showed that systematic phonics instruction was more effective compared to 
nonsystematic phonics instruction or whole language instruction, even in the opaque 
English orthography. Furthermore, in a direct comparison, De Graaff, Bosman, 
Hasselman, and Verhoeven (2009) introduced either a systematic phonics approach 
(i.e., prespecified sets of phonics elements) or a nonsystematic phonics approach (i.e., 
arbitrary introducing of phonics elements) to children who had not received formal 
reading instruction yet. Although the grapheme-phoneme knowledge progressed 
similarly in both approaches, the phonemic awareness skills and the word decoding 
skills progressed more in the systematic approach. Powell, Plaut, and Funnell (2006) 
previously suggested this powerful combination of systematic training on grapheme-
Word decoding development  |  33
    2
to-phoneme correspondences on the one hand, and incremental training on actual 
word reading on the other hand by simulating the children’s reading development 
using a statistical computer network. However, the fit of their highly controlled 
network to the children’s actual reading development was only partially successful. 
The partially successful fit emphasized the additional influence of more than just 
these two variables on the reading development of real children. 
A prominent question that remains, concerns the stability of the development of 
word decoding skills during the first months of systematic phonics instruction in 
the first grade. Longitudinal reading studies in both transparent (e.g., Bast & Reitsma, 
1998;Verhoeven & Van Leeuwe, 2009) and more opaque orthographies (e.g., 
Caravolas, Lervåg, Defior, Málkova, & Hulme, 2013; Juel, 1988; Simmons et al., 2008; 
Steacy, Kirby, Parrila, & Compton, 2014) evidenced high individual stability in reading 
development over time. However, reported stability in these studies typically refers 
to the development that was observed after, instead of during, the first months of 
reading instruction during which fundamental word decoding skills are mastered. 
The focus should be on the very beginning of reading development to better 
understand how children develop these fundamental word decoding skills. Only 
very few studies reported the development of reading skills during the months in 
which the grapheme-phoneme correspondences are being taught. 
Spector (2005) evidenced instability of reading and reading related skills prior to 
stabilization in the first year of reading instruction for children learning to read in 
English. However, the repeated measures design was not fine-grained enough 
to capture the actual acquisition of early reading processes. Moreover, during 
the months covered in Spector’s study, most children had not fully mastered the 
alphabetic principle. Yet, reading was measured with tests that assumed full alphabetic 
knowledge, resulting in floor level scores. Measures of reading development should 
closely evolve with the developmental process to be able to capture the steps in 
early reading development. Additionally, this study was conducted among poor 
readers only, so no further knowledge of early reading acquisition in general was 
provided. Juul, Poulson, and Elbro (2014) assessed word reading with relatively short 
measurement intervals. In their study among 172 children, accuracy and speed of 
word decoding was assessed every second month during the first two years of 
formal reading instruction. The test material consisted of lists with a total of 24 CVC-
structured words that were repeated at every test moment. Juul et al. evidenced 
ongoing progress in both reading accuracy and speed from the beginning. Compton 
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(2000) documented the fine-grained and early development of 75 first grade children 
learning to read in English and showed on average a linear growth of accuracy in 
curriculum based word decoding skill. However, in both studies, no details about 
decoding efficiency and the individual stability of decoding efficiency over time 
were provided. Furthermore, it is important to note that early reading development 
has almost uniquely been studied in the English orthography. In the opaque English 
orthography, reading is hampered by complex orthographic irregularities from the 
very beginning (see also Share, 2008). Due to the opaque orthography, only a sided 
view of the early steps in reading development was provided. 
A second prominent question concerns the point when children’s cognitive and 
linguistic abilities in kindergarten become relevant in the development of word 
decoding skills. Cognitive and linguistic abilities, like rapid naming, short-term 
memory, vocabulary, and early literacy (i.e., phonemic awareness, grapheme-
phoneme knowledge) are already developing prior to reading. The quality of these 
abilities prior to reading is assumed to be related to later reading development. It 
has been established that the individual differences in these precursors, measured 
prior to formal reading instruction, are substantial (e.g., Al Otaiba & Fuchs, 2002; Kirby, 
Desrochers, Roth, & Lai, 2008; Kirby et al., 2010; Landerl et al., 2013; Melby- Lervåg, 
Lyster, & Hulme, 2012; Moll et al., 2014; Nelson, Benner, & Gonzalez, 2003). In addition, 
individual differences in visual and verbal short-term memory have been shown 
previously (e.g., Bosse & Valdois, 2009; Van den Boer, De Jong, & Haentjens-van 
Meeteren, 2013). The influence of these core predictors is assumed to be more or less 
universal, as it has been shown in both transparent and more opaque orthographies 
(Caravolas et al., 2013; Vaessen, et al., 2010). However, relative contributions of the 
precursors might vary between orthographies (Caravolas et al., 2013; Ziegler & 
Goswami, 2005; 2006) and between phases of reading development (e.g., De Jong & 
van der Leij, 1999; Georgiou, Papadopoulos, & Kaizer, 2014; Papadimitriou & Vlachos, 
2014; Wagner et al., 1997). The existing research has so far mostly focused on the 
predictive power of the precursors in word decoding skills by the end of first grade 
or beyond (but see Compton, 2000). Little attempt has been made to explore how 
such precursors influence the development of word decoding skills in incremental 
phonics instruction in a transparent orthography. 
To sum up, in the research so far, the development of word decoding skills during 
systematic phonics instruction has received only scant attention. A full understanding 
of underlying processes during the development of word decoding skills remains 
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incomplete, since most longitudinal designs started only after the fundamental 
skills had been mastered. Furthermore, they largely lack fine-grained short interval 
measurements, and they assess reading development mostly only in terms of 
accuracy, disregarding development of word decoding efficiency. Consequently, 
it is by no means clear how accurate and efficient beginning readers are during 
the period during which systematic sets of grapheme-phoneme correspondences 
are being taught and practiced. The stability in individual differences of reading 
development has previously been evidenced, but only after the first period of 
initial phonics instruction. No clear case was provided during, instead of after, the 
development of fundamental word decoding skills in early phonics instruction. It 
is also not clear how precursors assessed by the end of kindergarten relate to the 
development of word decoding skills during phonics instruction in a transparent 
orthography. 
The goal of the current study was to examine the development of word decoding 
skills in incremental phonics instruction in a transparent orthography. For this 
purpose, we systematically measured word decoding accuracy and efficiency 
(defined as the amount of correctly read words per minute) after every incremental 
step that Dutch children make during initial phases of learning to read. Dutch can be 
seen as a relatively transparent orthography (Seymour, Aro, & Erskine, 2003), which 
implies that words can generally be decoded on the basis of grapheme-phoneme 
correspondence rules. Most studies on reading development have been conducted 
in the opaque English orthography (Share, 2008). In English, children already have to 
acquire some knowledge of complex orthographic irregularities (e.g., homophones, 
homographs) when they first start learning to read. Therefore, transparent and opaque 
aspects of orthographic learning become intertwined in beginning reading. Dutch 
gives the unique opportunity to study the development of mastering the alphabetic 
principle during the first months of formal reading instruction, as word decoding 
is not hampered by complex orthographic irregularities. A second advantage of 
studying early reading development in the Netherlands is that most schools use 
one and the same reading curriculum in which learning to read follows a uniform 
systematic procedure of implementing incremental sets of grapheme-phoneme 
correspondence rules along with word decoding and simple text comprehension 
practice. The combination of a relatively transparent orthography and a highly 
systematic phonics-based reading method sets the stage to study the more general 
and universal aspects of early word decoding development without interference 
from distracting orthographic irregularities. 
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The current study monitors the development of word decoding by a predefined 
systematic phonics-based instruction in Dutch. An attempt was made to find an 
answer to the following questions:
1a.   How accurate and efficient are incremental curriculum embedded word 
decoding skills of Dutch children during phonics instruction, and how stable is 
its development over time? 
1b.   To what extent are curriculum embedded measurements of word decoding 
skills related to standardized measurement of word decoding after initial 
phonics instruction is completed?
2.  To what extent can the development of incrementally built-up word decoding 
skills be predicted from children’s rapid naming, short term memory, vocabulary, 
phonological awareness, and letter knowledge in kindergarten?
With respect to the first question, it was hypothesized that Dutch children would be 
highly accurate in word decoding from the very beginning. Full acquisition of word 
decoding skills was expected to be largely a matter of growing efficiency, as indicated 
by increasing numbers of words being read accurately per minute. We also expected 
high stability in the development of incrementally built-up word decoding skills over 
time. This implies that word decoding levels would be highly predictable from earlier 
word decoding performances across the 5 months of initial phonics instruction. 
Furthermore, it was hypothesized that the development of word decoding skills, 
as measured by curriculum embedded measurements during phonics instruction, 
would be highly related to standardized word decoding measurements after the first 
months of formal instruction. 
With reference to the second question, it was hypothesized that the development of 
word decoding skills could primarily be explained by children’s levels of phonemic 
awareness skills and grapheme-phoneme knowledge, and to a lesser extent also by 
their levels of rapid naming, short-term memory, and vocabulary as measured before 
the start of phonics instruction. In addition to phonemic awareness, we expected 
rapid naming to be of high predictive value immediately, since we hypothesized 
that in this Dutch sample, word decoding would be a matter of increasing efficiency 
from the very beginning of learning to read. Furthermore, we hypothesized that 
short term memory skills might become more important later in development when 
words are longer and decoding tasks become more demanding. In addition, it was 
hypothesized that vocabulary would be of less importance during the development 
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of word decoding skills, since the words in the beginning of learning to read by 
phonics instruction in the relatively transparent Dutch orthography can be decoded 
without explicit orthographic or semantic knowledge. 
Method
Participants
In the Netherlands, children start kindergarten the day they reach the age of 
4. Subsequently, they generally attend at least two years of kindergarten. In 
kindergarten, children are playfully being introduced to some grapheme-phoneme 
correspondences, and attention is being given to the development of phonological 
awareness. Formal reading instruction starts in Grade 1, at about the age of 6. 
We invited schools via a general mailing to participate in a large longitudinal cohort 
study on reading development following the kindergarten. All invited schools were 
using the same systematic and predefined incremental phonics method Veilig 
Leren Lezen (“Learning to Read Safely”; Mommers et al., 2003) as a reading method 
in Grade 1. This method is being used by 87% of all schools in the Netherlands. A 
sample of 37 primary schools throughout the Netherlands, located in both rural and 
urban areas, participated in the longitudinal study. Children who were expected to 
stay in kindergarten for an additional year were excluded from the participation in 
this study beforehand. Passive informed consent was obtained from the parents of 
1006 children. For the current study, these children were monitored from the end 
of kindergarten halfway through Grade 1. Children who missed more than three 
consecutive assessments on the monthly curriculum-embedded word decoding 
tasks in Grade 1 (3.3% of participants) were excluded from the analyses. These 
structural exclusions were mostly due to movements or transfer to other schools 
or to substantial absence due to lasting illness during Grade 1. The final sample 
consisted of 973 Dutch children (505 boys; 468 girls).
At the start of the longitudinal study, during the assessment at the end of kindergarten, 
the mean age of the children was 6;1 years (SD = 0;5). All participating children spoke 
Dutch at school. Sixteen percent of the children were second language learners 
and spoke another language at home, representing the multicultural nature of the 
population in the Netherlands. The socioeconomic status of the children, as indicated 
by the educational level of their main caregiver (response rate was 77% of the 
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sample), roughly displayed the distribution of educational level in the Netherlands 
(Centraal Bureau voor de Statistiek [Statistics Netherlands], 2013). 
Materials
Word decoding in Grade 1.
Incremental phonics approach. In Grade 1, all participating schools used the same 
systematic incremental phonics-based reading instruction method. This method 
consists of extensive manuals and schedules, and the lessons and materials are 
well defined to ensure consistency in education between schools. The same 
lessons are provided to all children, with the possibility to make small adjustments 
to individual exercises to accommodate children’s levels. These adjustments are 
recommended to the teacher by curriculum embedded teacher software based on 
the logged test scores of individuals. During 5 months of formal reading instruction, 
all 34 graphemes that have to be learned in Dutch reading are covered in each 
classroom. 
The instruction method for daily reading instruction in Grade 1 is characterized 
by systematic incremental introduction and practise of new grapheme-phoneme 
correspondences. Instruction during the first 5 months consists of six successive 
blocks of three-to-four weeks (see Figure 1). In the first block, a set of eight graphemes 
is repeatedly presented to the children and practiced in mono-syllabic CVC-words 
and small sentence contexts. In every subsequent training block, a predefined 
set of five or six new graphemes is added to the baseline training set until 34 
Dutch grapheme-phoneme correspondences are included after six blocks (i.e., all 
graphemes used in Dutch except from c, q, y, x). The curriculum increments follow 
phonological pronunciation rules. For example, children start with learning the m, r, 
and s, as these graphemes can be prolonged when pronouncing them, in contrast 
to plosives. Every time new graphemes are added to the training set, the total set of 
graphemes is practiced in word and sentence contexts. 
Curriculum embedded word decoding. We monitored the progress of word 
decoding with curriculum embedded word decoding tasks. Curriculum Embedded 
Measurements (CEMs) assess the mastery levels of skills that have been taught 
explicitly, evolving in alignment with instruction (Oslund et al., 2015). Curriculum 
embedded assessments are suitable methods for obtaining meaningful information 
from the very first steps in reading development while standardized measurements 
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would be too rough and general to identify individual differences (floor level results). 
Such subsequent progress monitoring assessments are typically nonequivalent.
Figure 1. Six consecutive blocks of incremental introduction of grapheme-phoneme correspondences 
with an assessment of curriculum embedded Word Decoding efficiency (WDc) after each 
training block and a standardized Word Decoding efficiency assessment (WDs) after six blocks. 
Newly introduced graphemes per training block are marked in grey. 
The content of each consecutive measurement has been determined in parallel 
with the incrementally growing set of trained graphemes to measure the mastery 
level up till that moment. The first card, used after four weeks of formal instruction, 
consists of 30 monosyllabic CV/CVC/VC-structured words. The words comprise the 
eight graphemes that have been trained during the first training block (10 words 
occur twice on this card because too few graphemes have been acquired yet to form 
30 words). Each subsequent curriculum embedded word decoding card comprises 
40 monosyllabic CV/CVC/VC-structured words consisting of incrementally trained 
graphemes. The words on the cards are presented in columns of 10 words, all with 
consistent grapheme-phoneme correspondences, and all are high frequent words 
with meanings that are familiar to the children. The child was asked to read out aloud 
the words on a card as accurately and quickly as possible for 1 minute. If reading one 
word took more than 5 seconds, the correct answer was given and the child was 
asked to go on with the next word on the list. Not decoded words and incorrectly 
decoded words were scored as ‘inaccurately read’. The sum of the accurately read 
words within 1 minute (i.e., the efficiency score) was the score on the task.
Standardized word decoding. The national standardized word decoding test for 
halfway Grade 1 (Drie-minutentoets; “Three-minutetest”; Krom, Jongen, Verhelst, 
Kamphuis, & Kleintjes, 2010) consists of two cards, one card with five columns of 
30 high-frequency monosyllabic CV/CVC/VC-structured words and a second card 
with five columns of 30 high-frequency monosyllabic words, including words with 
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consonant clusters in initial or final positions (CC or CCC). The child was asked to read 
aloud the words on each card as accurately and quickly as possible for 1 minute per 
card. For each card, the efficiency score was logged. A combination score of cards 
1 and 2 halfway through Grade 1 was reported reliable, with a Cronbach’s α of .96 
(Krom et al., 2010). High correlations between the two card scores were also found 
in the current study (r = .86). The combined score of these two cards was used as an 
indicator of standardized word decoding efficiency halfway through Grade 1.
Cognitive and linguistic precursors. 
The kindergarten test consists of seven tasks on cognitive and linguistic precursors, 
and it was designed specifically for the purpose of the present study. Except from 
the grapheme-phoneme knowledge task, practice items preceded every actual task. 
On each task, the number of correct responses was the score.
Early literacy. In the domain of early literacy, three tasks were administered, as 
described below. 
Phoneme isolation. Phoneme isolation skill was measured with a task in which the 
child was asked to sound out the first phoneme of 10 orally offered monosyllabic 
CVC-structured words. The reliability of the task was good (Cronbach’s α = .83).
Word segmentation. To assess word segmentation skills, the child was asked to 
serially pronounce each phoneme of an orally offered word. This task comprises 10 
words with increasing difficulty (from CVC-structured words to CCVC- or CVCC to 
CCCVC- or CVCCC-structured words). After five consecutive incorrect responses, the 
task was terminated to avoid further frustration for the child. The reliability of the task 
was good (Cronbach’s α = .85).
Grapheme-phoneme knowledge. To measure grapheme-to-phoneme conversion 
skills, the child was asked to sound out 34 graphemes used in Dutch. The graphemes 
c, q, x, and y were excluded from this task because these graphemes are infrequent 
in Dutch reading system and not yet introduced in the reading method in Grade 
1. The graphemes were printed in lower case across three columns on a card. Arial 
(Monotype, Microsoft) font type of size 28 was chosen because of the clarity of a sans 
serif style and the similarity with the font used in the reading curriculum. In this task, 
only the grapheme sound not the grapheme’s name was considered correct. The 
reliability of the task was excellent (Cronbach’s α = .93).
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Since we expected a high interrelationship among the three measures of early 
literacy, we conducted principal axis factor analysis with oblique rotation (Promax; 
Muthén & Muthén, 2007) on the three measures described above. The analysis 
revealed one component with high loadings (.83 to .84) that explained 70.09 % of 
the variance. The Kaiser-Meyer-Olkin measure verified the adequacy of this analysis, 
KMO = .71 (middling; Hutcheson & Sofroniou, 1999). All analyses in the current study 
were conducted using this factor score of Early Literacy.
Rapid naming. Rapid naming was measured with a lexical retrieval task of visually 
presented objects. The child was asked to name pictures from top to bottom as 
quickly and accurately as possible during one minute. The task consists of five 
repetitive pictures, all corresponding with one-syllable high frequent Dutch words 
(viz., saw, pot, thumb, trousers, tent). The five pictures are repeated at random positions 
in six columns of 22 objects each. The reliability of the task was excellent (Cronbach’s 
α = .95).
Verbal short-term memory. To measure verbal short-term memory, a pseudoword 
repetition task was used. The research assistant orally introduced a pseudoword and 
the child was asked to accurately repeat the word. The task consists of 20 one-to-four 
syllable pseudowords in ascending order of length. After five consecutive incorrect 
responses, the task was terminated. The whole word had to be repeated correctly; 
stress differences and substitutions due to certain articulation errors in individuals 
were counted as correct. The reliability of the pseudoword repetition task was good 
(Cronbach’s α = .77).
Visual short-term memory. To measure the sequential short-term memory of 
concrete visual information, the children were asked to remember the order of 
the series of visual presented figures (viz., fish, cow, ship, chicken, sock) that were 
presented in a booklet. A series was shown for 5 seconds by the research assistant. 
After 5 seconds, the research assistant closed the booklet and asked the child to 
put cards with the figures in the same order as had been presented in the booklet. 
The entire task consists of 15 series of figures, with the number of figures in a 
series increasing from two to five figures. The entire series had to be remembered 
to be considered correct. After three consecutive incorrect series, the task was 
terminated. The reliability of the visual short-term memory task was good (Cronbach’s 
α = .77).
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Vocabulary. The vocabulary task was developed to measure the active vocabulary 
of the child. Pictures in the task were extracted from the vocabulary task in the 
Taaltoets Allochtone Kinderen (“Language test Ethnic minority Children”; TAK; 
Verhoeven & Vermeer, 1986). Twenty-nine suitable and age appropriate picture-
word combinations were selected based on the standard scores of the original 
task. Both nouns and verbs are included in the task. Twenty-nine black and white 
line pictures were shown to the child. Every picture was accompanied by a little 
phrase pronounced by the research assistant (e.g., ‘The man is …’). The child had 
to complete the phrase by naming the correct word (e.g., ‘fishing’). The task was 
terminated after five consecutive incorrect responses. The reliability was good 
(Cronbach’s α = .83).
Procedure
At the end of kindergarten, an individual assessment of about thirty minutes was 
conducted to screen baseline precursors, which were assumed to be involved in 
reading development. The tasks in the test battery were administered by the first 
author and eight trained research assistants with Bachelor or Master’s degrees in 
Educational Science, Psychology, or Linguistics. The tasks were conducted in the 
same fixed order for all children. The research assistant orally provided instructions 
for all tasks. If necessary, instruction was repeated. During the practice items, some 
help and feedback was allowed, but during the actual tasks, no feedback on the 
correctness of item scores was provided to the children. There was a small pause 
between every task before the instruction for the next task started. All tasks were 
administered individually in a quiet room at school during regular school hours.
During the first 5 months of Grade 1, the data on word decoding ability were 
collected using a longitudinal design. As word reading develops very fast during 
the first year, the measures of reading development should evolve with that process 
to be able to identify the steps in acquisition (Ehri & McCormick, 1998). To capture 
each incremental step the children made, the children were individually assessed 
after each training block of three-to-four weeks (i.e., six times; see Figure 1) on 
their ability to decode words that were constructed with the graphemes they had 
learned up until then. Assessments were conducted using curriculum embedded 
word decoding tasks of 1 minute, carried out by certified classroom teachers of the 
participating schools (mostly the daily teachers of the children). The teachers were 
all instructed in the same way, and they were all experienced in how to conduct the 
assessments of the used reading method. 
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The treatment fidelity was ensured. Curriculum embedded word decoding was 
assessed in predefined fixed time paths. The online log systems showed that 
teachers first finished the curriculum defined instruction block before assessing the 
children with the curriculum embedded word decoding task, and assessments were 
conducted before the new instruction block started.
After 5 months of formal reading education, a national standardized word decoding 
task was administered to determine the word decoding level independent of the 
reading curriculum that was used during the training phase. Following test 
guidelines, this task was assessed by teachers of the participating schools and was 
administered individually in a quiet room at school during regular school hours. See 
Figure 2 for an overview of all measurement moments. 
Figure 2. Timeline of assessments. First, the assessment of kindergarten Cognitive and Linguistic 
skills, followed by six consecutive curriculum embedded assessments of Word Decoding efficiency 
(WDc) after each training block, and a standardized Word Decoding efficiency assessment 
(WDs) after six blocks. 
Analytic approach
The number of words read correctly per minute (i.e., efficiency score) and the percent 
correct scores of actually read words (i.e., accuracy score) were computed and 
analysed for each consecutive curriculum embedded word decoding assessment 
(ANOVA RM). We conducted Sequential Equation path Modelling (SEM) in LISREL 
(Jöreskog & Sörbom, 1996) to examine the hypothesized stability of word decoding 
development in the first 5 months of instruction and to relate the curriculum 
embedded word decoding efficiency to a standardized measurement of word 
decoding efficiency after 5 months. A longitudinal design with time as a fixed factor 
was used, meaning that variables later in time were considered not to influence 
variables earlier in time. In addition to the consecutive autoregression (lag-1), we 
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added lag-2 relations to the model. This additional influence on the forthcoming 
measurement moment thereafter strengthens the autoregression because the data 
pooled across two blocks is less noisy compared to the data from just the block 
before. Theoretically, it was assumed that these relations showed consolidation of 
learned connections. In the second model, precursors were added to the longitudinal 
model to measure their predictive value on the early word decoding development in 
Grade 1. Only influences that were significant at α < .05 were included in the models. 
After testing the hypothesized models, the Modification index and the associated 
Expected parameter changes were consulted in LISREL to ensure that no further 
plausible modifications were proposed within the context of our theoretically based 
hypotheses (see Little, 2013; Saris, Satorra, & Van der Veld, 2009). 
The fit of the models was evaluated using chi-square statistics ( χ2). Because of the 
longitudinal character and the large sample size in the current study, the power 
to reject the model might be too high to use only chi-square statistic as a decisive 
criterion (Jaccard & Wan, 1996; Little, 2013). Therefore, the Root Mean Square Error of 
Approximation (RMSEA; Little, 2013; Steiger & Lind, 1980) and the relative chi-square 
(χrel
 2), calculated as the ratio of the chi-square with the degrees of freedom, were 
also evaluated. As a guideline for accepting the model, the RMSEA cut-off criterion 
was set at < .06 (Hu & Bentler, 1999; Tabachnik & Fidell, 2014), and the relative chi-
square should be lower than 3 (Carmines & McIver, 1981). 
Prior to the analysis, we examined all variables for missing values. There were no 
missing values in the precursor tasks. Of the six curriculum embedded word 
decoding assessments and the standardized word decoding task, less than 3% of the 
single values were missing in total. Therefore, the dataset was suitable to estimate 
the parameters using the Full Information Maximum Likelihood (FIML) approach in 
LISREL (Enders, 2010; Little, 2013). To do so, we imported the raw data into LISREL 
and used an EM-procedure to obtain starting values for the FIML procedure. As a 
consequence, the LISREL output included global goodness of fit statistics and no 
additional relative fit indices.
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Results
Our first research question addressed the accuracy and efficiency of curriculum 
word decoding measurements during the first months of phonics instruction up 
to full alphabetic word decoding. Table 1 shows the means and standard deviations 
for the accuracy and efficiency scores of the six consecutive curriculum embedded 
Word Decoding tasks (WDc1 to WDc6) together with the cognitive and linguistic 
precursor measures, and the score of the standardized Word Decoding test (WDs). 
Children achieved on average over 90% accuracy (M = 92.38%, SD = 10.78) in word 
decoding from the first measurement moment on (i.e., after 4 weeks of formal 
reading instruction). For word decoding efficiency, repeated measures analysis of 
Table 1
Mean Scores and Standard Deviations for Precursor Measures, Measures of Curriculum 
Embedded Word Decoding and Standardized Word Decoding 
Measure MAccuracy (SD) MEfficiency (SD)
Precursor 8.24 (2.16)
Phoneme Isolation 4.37 (2.63)
Word Segmentation 18.71 (7.59)
Grapheme-Phoneme Knowledge 39.57 (9.18)
Rapid Naming 14.82 (3.39)
Verbal Short-Term Memory 8.27 (2.94)
Visual Short-Term Memory 13.47 (4.53)
Vocabulary
Curriculum Embedded Word Decoding a b 91.63 (13.20) 19.69 (14.76)
WDc2 92.39 (10.66) 22.77 (14.50)
WDc3 92.70 (11.57) 24.32 (17.01)
WDc4 92.61 (9.58) 27.32 (17.57)
WDc5 91.82 (10.88) 29.47 (19.98)
WDc6 93.14 (8.80) 34.49 (20.89)
Standardized Word Decoding
WDs c   49.48 (29.71)
Note. Paired sample t tests showed that growth in efficiency was significant between each 
consecutive measurement moment (all p’s < .001, two-tailed). WDc  = curriculum embedded 
Word Decoding; WDs = standardized Word Decoding.
a  Accuracy scores of WDc  are displayed as percentages of total read words. 
b  Efficiency scores of WDc  are displayed as the number of correct read words per minute. 
c   Efficiency score of WDs is the summation of efficiency scores of two distinct reading cards of 
one minute.
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Measure 1 2 3 4 5 6 7 8 9 10 11 12 13
1.Phoneme 
Isolation
-
2.Word 
Segmentation
.540 -
3. G-P Knowledge .542 .572 -
4. Rapid Naming .242 .284 .350 -
5. Verbal STM .414 .335 .238 .223 -        
6. Visual STM .135 .241 .241 .222 .117 -
7. WDc1 .354 .443 .638 .378 .202 .238 -
8. WDc2 .342 .440 .636 .392 .197 .234 .917 -
9. WDc3 .322 .427 .605 .384 .223 .226 .882 .923 -
10. WDc4 .337 .418 .610 .407 .248 .219 .843 .895 .931 -
11. WDc5 .307 .405 .585 .376 .214 .220 .794 .853 .892 .920 -
12. WDc6 .321 .347 .555 .363 .222 .202 .710 .768 .815 .855 .898 -
13. WDs .287 .345 .491 .380 .224 .240 .646 .705 .731 .764 .796 .813 - 
Table 2
Word Decoding Development of the Consecutive Months of Reading Instruction
Measurement Mean difference SE t Effect size (Cohen’s d)
WDc1-WDc2 3.12*** .19 -16.49 .53
WDc2-WDc3 1.42 *** .21 - 6.85 .22
WDc3-WDc4 2.94*** .21 -13.95 .45
WDc4-WDc5 2.05*** .26 - 7.77 .26
WDc5-WDc6 5.85*** .31 -18.88 .63
*** = p < .001.
Table 3
Correlations between Precursor Measures and Measures of Word decoding
Note. All correlations were significant with p < .001. G-P = Grapheme to Phoneme; STM = 
Short-Term Memory; WDc  = curriculum embedded Word Decoding; WDs = standardized Word 
Decoding.
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variance (ANOVA RM) with measurement moment of Word Decoding efficiency 
(WDc) as independent variable showed a significant effect of measurement moment, 
F (5,4280) = 507.61, p < .001, η²=.37. This indicated that there was a significant increase 
of word decoding efficiency (despite the fact that the consecutive tasks increased 
in difficulty). Paired sample t-tests showed that this growth was significant between 
every consecutive measurement moment, p < .001. The differences represented 
medium to small-sized effects, d =.22-.63 (see Table 2). All further analyses on word 
decoding were performed using word decoding efficiency scores.
Correlations among precursor measures, WDc scores, and WDs scores are presented 
in Table 3. All correlations were significant (p’s < .001, two-tailed). Since the WDc 
measures are interpreted as repeated measures of the same construct over time, 
the high correlations among them indicate high stability in word decoding 
development over time. In addition, all curriculum embedded word decoding 
measurements showed a high correlation with the standardized word decoding 
measure (e.g., r = .646 for WDc1 - WDs). Small to medium correlations within the 
cognitive and linguistic precursor measures were found, indicating that the tasks 
measured independent abilities. 
To further answer the first research question, the efficiency scores of the consecutive 
measurement moments of WDc were explored in depth in a LISREL path model. In 
the path model, the predictive power of the consecutive WDc assessments was 
measured longitudinally. Standardized coefficients of the model are presented 
in Figure 3. These coefficients are within-construct prediction coefficients. They 
indicate the average scores relative to the group mean across time; therefore, 
they can be interpreted as stability coefficients. Note that each WDc measurement, 
in addition to the influence on the consecutive measurement, systematically 
and independently influenced the forthcoming measurement moment thereafter. 
The fit of the proposed model was good, χ 
2(11, N = 973) = 24.02, p = .02, RMSEA = .035, 
χrel 
2 = 2.18
Figure 3. Standardized solutions of word decoding development in the first six months of reading 
development. WDc = curriculum embedded Word Decoding efficiency; WDs = standardized 
Word Decoding.
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The second research question addressed the predictive values of the precursor 
measures on early word decoding development. In order to answer this question, 
Early Literacy, Rapid Naming, and Verbal and Visual Short-Term Memory were added 
to the path model (see Figure 4). Vocabulary showed no significant independent 
contribution to the model after including Rapid Naming, Early Literacy, and Short-
Term Memory in the model; therefore, it was excluded from the model. The fit of this 
proposed model was good, χ2(30, N = 973) = 69.87, p < .001, RMSEA = .037, χrel 
2 = 2.33. 
Figure 4. Standardized solutions of word decoding development in the first six months of 
reading development and precursors. STM = Short-Term Memory; WDc = curriculum embedded 
Word Decoding efficiency; WDs = standardized Word Decoding.
The models in Figure 3 and 4 show the stability of early word decoding development 
during phonics instruction in the first 5 months of the first grade and the role of 
kindergarten precursors, as were our research questions. However, differences 
in schools might contribute to differences in word reading development (Chiu 
& McBride-Chang, 2006). For the sake of completeness, we checked whether the 
influence of school would alter the current path models. We did so by using fixed 
effect modelling, which can be interpreted as relatively stringent analysis controlling of 
school effects. Non-significant relations of school dummies with the word decoding 
measurements were preserved in these fixed effect models. Fit indices of the models 
that controlled for school influences were good and highly comparable with the 
original models, respectively χ2(10, N = 973) = 32.54, p < .001, RMSEA = .049, χrel
2 = 3.25; 
and χ2(30, N = 973) = 66.54, p < .001, RMSEA = .036, χrel
2 = 2.22. The stability coefficients 
were preserved in the fixed effect models, concluding that stability of word decoding 
development during phonics instruction remained highly stable after controlling for 
possible influences of school differences. Only the relation of the early literacy measure 
with word decoding at time 1 was stronger after controlling for school influences. 
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Furthermore, we checked if the stability of the model would also hold in a randomized 
order design. If the model results change based on the randomized order (i.e., by 
neglecting the fixed time factor), it further strengthens our assumption that the order 
of assessments matters because of its relation to the grapheme-phoneme order of 
instruction. Therefore, we first analysed a path model with the following random 
order: WDc1-WDc3-WDc5-WDc2-WDc6-WDc4-WDs. This random model had a poor 
fit with the data, χ2(10) = 803.80, p < .001, RMSEA = .286, χ2rel = 80.38. In addition, the 
stability coefficients were not convincing or even non-significant. In the randomized 
order model, the lags between subsequent measurements moments still contained 
the highest coefficients (for example the coefficient for the lag-2 of WDc5 to WDc6 
is .87, while WDc5 to WDc2 is .16), showing that even in the randomized model, the 
model points towards an autoregressive repeated measures design with time as a 
fixed factor. We found similar non-fitting results with other randomized orders. These 
additional analyses confirmed that an autoregressive repeated measures design 
with time as a fixed factor was the best description of the data.
Discussion
The present longitudinal study investigated the development of word decoding 
skills during incremental phonics instruction of Dutch children in the first grade. 
Our first research question concerned the accuracy and efficiency of early word 
decoding and its stability across the period of phonics instruction. In line with our 
hypothesis, it was found that from the very first month, mean accuracy levels reached 
ceiling while the mean efficiency of word decoding continued to develop after each 
training block, despite the incremental character of the consecutive curriculum 
embedded word decoding assessments. Furthermore, the autoregression in the 
longitudinal path model showed that the individual differences assessed by the 
word decoding efficiency measurements during the first 5 months of instruction 
had a high degree of stability over time. This means that from the very beginning 
of learning to read, the word decoding efficiency later in time could be predicted 
by levels earlier in time. Moreover, curriculum embedded word decoding efficiency 
highly predicted the independent standardized word decoding performance after 5 
months of phonics instruction, suggesting a transfer of incrementally built-up word 
decoding skills to the efficient decoding of new, non-trained words. 
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Our second research question concerned the predictive power of precursors assessed 
in kindergarten on children’s early word decoding development. The current study 
shows that, in line with our expectations, kindergarten measures of early literacy, 
rapid naming, and to a lesser extent verbal and visual short-term memory predicted 
word decoding development during incremental phonics instruction. It can be 
assumed that the influence of cognitive and linguistic skills will indirectly be passed 
through to further steps in development from the very beginning. In accordance 
with our expectation, vocabulary did not add to the prediction model after including 
other kindergarten measures. 
With respect to our first research question, the results showed that curriculum 
embedded word decoding accuracy reached ceiling levels already after the first 
month of reading instruction. From the start of phonics instruction, word decoding 
development is a matter of growing word decoding efficiency. These findings 
confirm that word reading efficiency already develops during the first months 
of reading development, at least in more transparent languages. This finding has 
been outlined, but not extensively studied, in previous research (e.g., Seymour et al., 
2003; Verhoeven & Van Leeuwe., 2008; Ziegler et al., 2010). Despite the incremental 
character of the monthly measurements, word decoding efficiency continued to 
improve after each training session. This increasing efficiency might be seen as a 
reflection of the consolidation of the mappings of orthography with phonology and 
of the automation of word decoding, as claimed by the self-teaching hypothesis 
(Share, 2004). The results further showed that a stable path of reading development 
exists already from the first month of phonics instruction. Verhoeven and Van 
Leeuwe (2009) have previously evidenced such stability in reading development in 
later phases. To our knowledge, however, the current study was the first to show 
that stability in individual differences of reading development has already been 
established during, instead of after, the fundamental processes involved in mastering 
the alphabetic principle (see also Caravolas et al., 2013; Simmons et al., 2008; Steacy et 
al., 2014). The high relation of the curriculum embedded word decoding assessments 
with the standardized word decoding measure after 5 months indicates that the 
curriculum embedded measurement was an adequate way of assessing children’s 
performances. Furthermore, this transfer to new, nontrained words supports the 
claim by Share (2004) and Ehri (2005) that children should be able to read any regular 
word in their language as soon as they have mastered baseline word decoding skills. 
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With respect to our second research question, the results showed that precursors 
measured in kindergarten already function as predictors from the first months of 
word reading development. The strong predictive values of both early literacy and 
rapid naming skills on the development of word decoding skills are in line with the 
findings in previous studies on the precursors of reading development (e.g., Landerl 
et al., 2013; Melby- Lervåg et al., 2012; Tobia & Marzocchi, 2014; Ziegler et al., 2010), 
albeit these studies did not tap into the very early reading development, like the 
present study. Specifically, the unique predictive value of visual short-term memory 
that was found in the current study demonstrates that the recent findings of Van 
den Boer et al. (2013) and Bosse and Valdois (2009) also apply to the first months 
of reading development. Verbal short-term memory did not add to the prediction 
of curriculum embedded word decoding in the first months after controlling for 
early literacy and rapid naming. However, a small additional effect of verbal short-
term memory after 3 months was found. This might be partly explained by the 
gradually increased acquisition of grapheme-phoneme correspondence rules in 
combination with the introduction of the more difficult digraphs (e.g., /ij/ and /oe/) 
and less frequently used consonants (e.g., /h/ and /w/) after 3 months. Preserving 
performance in later training blocks might demand extra short-term memory 
skills. It should be noted that this additional effect was very small. It was found 
that vocabulary was not independently associated with early phases of reading 
development after accounting for early literacy, rapid naming, and short-term 
memory skills. Individual differences in vocabulary might be more strongly related 
to later reading development, when text reading and reading comprehension skills 
emerge (e.g., Papadimitriou & Vlachos, 2014; Tobia & Marzocchi, 2014; Verhoeven, Van 
Leeuwe, & Vermeer, 2011). Additionally, the role of vocabulary in initial word reading, 
which has been found in some previous studies (e.g., Kirby et al., 2008; Nation & 
Snowling, 2004), might be more prominent in less transparent orthographies in 
which orthographic irregularities and several possible pronunciations for letters in a 
word are allowed. In more transparent orthographies, like Dutch, vocabulary often turns 
out to be not a statistically reliable predictor of word decoding (Caravolas et al., 2012). 
A strength of the current study is its ecological validity. The instruction and 
assessments in the current study took place in regular classrooms, and a large 
representative sample in Dutch was assessed. The combination of a relatively 
transparent orthography and a highly systematic phonics-based reading curriculum 
makes it possible to study the development of initial word decoding skills without 
the interference of deviations and exceptions that are associated with reading in 
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more opaque orthographies. This allows to draw more general conclusions about 
underlying processes in the early phases of alphabetic reading acquisition (see 
also Share, 2008). Of course it should be noted, however, that the current study has 
weaknesses too. First, although the current results hold for Dutch as a transparent 
orthography, the absolute time course of development of early word decoding 
might be different in different orthographies and countries (Vaessen et al., 2010). 
It is also possible that the added value of the cognitive and linguistic skills would 
be distributed in a different fashion across different languages, as explained in 
previous research (Caravolas et al., 2013; Ziegler & Goswami, 2005). The reproduction 
of the current design in other orthographies would be interesting, as this makes 
comparison between orthographies possible. 
Secondly, curriculum embedded assessments made it possible to reliably measure 
incrementally built-up word decoding development right from the beginning, in 
contrast to the capabilities of standardized testing. However, the use of curriculum 
embedded tasks instead of standardized measures has consequences for the 
interpretation of development. Since the content of each consecutive task was 
determined in parallel with the incrementally growing set of trained graphemes, 
growth in the word decoding efficiency cannot be interpreted as an absolute 
growth. It should be acknowledged that growth modelling was not appropriate 
in this curriculum embedded design. To place the results in a broader perspective 
and to see the consistency with later reading phases, curriculum embedded 
performances were linked to performances on a standardized word decoding task. 
To complete the picture of early word reading development, standardized growth 
models of subsequent word decoding towards consolidated alphabetic reading 
could be recommended in follow-up studies. 
Lastly, it is worth noticing that the current study has no measure of word decoding 
skills right before formal reading instruction started. The kindergarten assessment 
showed that the participating children already knew about 18 grapheme-to-phoneme 
correspondences before formal reading instruction started. Although actual word 
decoding requires more than just knowing conversion rules, it is possible, therefore, 
that the children were already able to read some words before instruction started. 
We controlled for this with an early literacy measure in kindergarten (containing 
grapheme-phoneme knowledge and phonemic awareness), but an actual measure 
of initial word decoding skill in kindergarten, containing a word decoding task of 
simple structured words, might have been interesting in the current study. 
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The current study contributes to our knowledge of early reading development. In 
addition to the contributions to the scientific field, the study has some practical 
implications. First, the results emphasize that differences between children in 
pre-alphabetic phases have immediate influence on the fundamental first steps 
of the alphabetic reading development. Therefore, full insight and fine-grained 
documentation of cognitive and linguistic abilities of children by the end of 
kindergarten is relevant for Grade 1 teachers. Cognitive and linguistic information can 
function as markers for possible difficulties in beginning reading. Teachers should 
immediately anticipate the responses to instruction based on this information. 
Second, the current study showed the relevance of fine-grained curriculum 
embedded monitoring of the reading processes of the children during the beginning 
of word decoding development, in addition to the standardized curriculum based 
measurements after half a year. The results of the current study emphasizes the 
relevance to react to small early signs of difficulties in reading development, because 
this might very well be related to later bigger problems in reading. 
To conclude, although transitional stages from one developmental phase to another 
have been quite clearly described in previous studies, no clear case of mastering the 
alphabetic principle and the early development of word decoding and its predictors 
was provided yet. Our results showed that from the very beginning, children learning 
to read in a transparent orthography attain ceiling levels of word decoding accuracy, 
whereas their efficiency scores increase. Early literacy and lexical retrieval, and to a 
lesser extent verbal and visual short term memory, predict the first fundamental 
processes of learning to read. Individual differences in this early word decoding 
development show a high stability over time.
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Abstract
Word reading and spelling processes are assumed to be highly related to each other 
and to early literacy measures. However, the debate on how reading and spelling 
interact in early development is far from resolved yet. The present study examined 
the singular and integrated word reading and spelling development during the first 
two grades of primary education in relation to kindergarten precursor measures 
of short-term memory, vocabulary, rapid naming, and early literacy (phonemic 
awareness, grapheme-to-phoneme knowledge) in 487 Dutch children. Structural 
equation models showed that word reading and spelling development separately 
were highly stable and consistently autoregressive in nature during first and second 
grade. Both word reading and spelling development were predicted by early literacy, 
and word reading development was additionally predicted by rapid naming. An 
integrated model for word reading and spelling development showed that word 
reading skill predicted subsequent spelling skills in Grade 2 over and above the 
autoregressive prediction. No reciprocal relation of spelling to subsequent word 
reading has been found.
Key words: spelling development; word reading development; precursors; integrated 
relationship; structural equation modeling
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Introduction
One major job for children in elementary school is the development of proper 
literacy skills. Reading and spelling are two core components of literacy. It has been 
suggested that reading and spelling derive from the same cognitive and linguistic 
processes (e.g., Caravolas et al., 2012; Juel, Griffith, & Gough, 1986; Landerl & Wimmer, 
2008; Shanahan, 1984). Theoretical models concur with the idea that orthographic, 
phonological, and semantic components are involved in both reading and spelling 
processes (e.g., Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; Frith, 1985; Plaut, 
McClelland, Seidenberg, & Patterson, 1996; Van Orden, Pennington, & Stone, 1990). 
Indeed, behavioral studies have shown that reading and spelling are highly related 
(e.g., Ehri, 1989; Juel, 1988), and neuroimaging studies have provided evidence that 
reading and spelling activate overlapping brain regions (Pugh et al., 2006). Despite 
this strong suggestion of relatedness, there are only a few longitudinal studies about 
how the developmental pathways of reading and spelling are related in the early 
elementary grades. Also how reading and spelling can be predicted from kindergarten 
precursor measures of phonemic awareness, grapheme-to-phoneme knowledge, 
rapid naming, vocabulary and short-term memory needs further investigation. 
It is noteworthy that only a few studies have combined reading and spelling 
development as well as their precursors in one integrated model. Furthermore, 
such studies have hardly been conducted in relatively transparent orthographies 
in which reading fluency is a better measure than reading accuracy to establish 
reading ability. Although it seems a matter of course that reading and spelling are 
somehow related, the underlying nature of this relation has not yet been clarified. 
Therefore, the present study aimed to describe the early singular and integrated 
word reading efficiency and spelling development in the first two primary grades in 
relation to kindergarten precursors in the relatively transparent Dutch orthography. 
This large longitudinal Dutch study contributes to the knowledge about the general 
underlying principles in literacy development.
Word reading development and its precursors
Word reading development has generally been described as a phase-like model 
(Ehri, 2005; Frith, 1985). During a first, phonologically driven, decoding phase, 
children explicitly learn to accurately decode written words into their auditory 
counterparts by the one-to-one conversion of graphemes into phonemes (Coltheart 
et al., 2001). After acquiring these elementary decoding skills, children gradually 
learn to read more complex and longer words containing orthographic structures, 
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for example, consonant clusters and multi-syllables. Every time children encounter 
a specific internal structure, this larger unit becomes better consolidated in an 
internal orthographic lexicon. Consequently, the orthographic lexicon becomes 
better specified (Perfetti, 1992). By this self-teaching mechanism, beginning readers 
gradually become more efficient and fluent (Share, 1999; Tucker, Castles, Laroche, 
& Deacon, 2016), and the connections between the orthographic (graphemes), 
phonological (phonemes), and semantic (word meanings) components become 
stronger, as proposed in the Phonological coherence model (Bosman & Van Orden, 
1997; Van Orden et al., 1990).
High individual stability over time has been evidenced for word reading development 
in both transparent (e.g., Schaars, Segers, & Verhoeven 2017; Verhoeven & Van Leeuwe, 
2009) and more opaque orthographies (e.g., Caravolas, Lervåg, Defior, Málková, & 
Hulme, 2013; Furnes & Samuelsson, 2011; Juul, Poulsen, & Elbro, 2014; Steacy, Kirby, 
Parrila, & Compton, 2014) and precursors of word reading development are well 
established. Phonemic awareness, grapheme-to-phoneme correspondences, rapid 
naming, and vocabulary have been found to be relevant precursors of word reading 
development (e.g., Al Otaiba & Fuchs, 2002; Kirby, Georgiou, Martinussen, & Parrilla, 
2010; Melby-Lervåg, Lyster, & Hulme, 2012; Moll et al., 2014; Nelson, Benner, & Gonzalez, 
2003). Recently, also individual variation in visual and verbal short term memory 
have been shown to contribute to the prediction of later reading performances 
(Bosse & Valdois, 2009; Van den Boer, De Jong, & Haentjens-van Meeteren, 2013). The 
relative contribution of precursors might differ between developmental phases and 
orthographies, with rapid naming as an especially important predictor of reading 
efficiency in transparent orthographies (Babayiğit & Stainthorp, 2010; Caravolas et al., 
2013; De Jong & Van der Leij, 1999; Ziegler & Goswami, 2005, 2006). 
Spelling development and its precursors
Regarding the development of spelling, a few longitudinal studies have been 
conducted. Most studies, especially on specific difficulties in the spelling system, 
have been conducted in the English orthography (e.g., Treiman, Cassar, & Zukowski, 
1994; but see Caravolas, 2004). However, also in transparent orthographies an 
autoregressive developmental spelling path has been evidenced, meaning that the 
individual differences of spelling ability seem to be largely preserved over time. A 
Norwegian longitudinal study of Lervåg and Hulme (2010) showed for example that, 
although children varied in how fast they learned to spell words, these individual 
differences could best be described as variations around a single trajectory. A Dutch 
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cross-sectional study (second to sixth grade) of Keuning and Verhoeven (2008) 
also showed that spelling development can be best described in terms of a stable 
continuous learning process. Although literature agrees on a certain autoregressive 
development of spelling skills, the autoregression is assumed to be less consistent as 
compared to reading development (Desimoni, 2012; Pinto et al., 2015).
With regard to the precursors of spelling, converging evidence indicates that as 
in word reading, phonemic awareness and knowledge of grapheme-to-phoneme 
correspondences are at least as important (e.g., Caravolas, Hulme, & Snowling, 2001; 
Furnes & Samuelsson, 2010; Nikolopoulos, Goulandris, Hulme, & Snowling, 2006; 
Torppa, Georgiou, Niemi, Lerkkanen, & Poikkeus, 2016). In addition, studies on children 
with dyslexia showed that cognitive and linguistic skills that are important in reading, 
are also contributing in spelling skills (e.g., Morken & Helland, 2013). However, reading 
and spelling development are, at least partially, based on different compositions of 
cognitive and linguistic determinants (Ahmed, Wagner, & Lopez, 2014; Babayiğit & 
Stainthorp, 2010; Caravolas et al., 2012; Caravolas et al., 2001; Nikolopoulos et al., 2006; 
Torppa et al., 2016). In addition, different compositions have been shown between 
different orthographies (e.g., Furnes & Samuelsson, 2009; Georgiou, Torppa, Manolitsis, 
Lyytinen, & Parrila, 2012). Vaessen and Blomert (2013) found that phonemic awareness 
and grapheme-phoneme knowledge were stable predictors of spelling in Dutch, 
whereas their contribution to reading decreased during development. Vaessen 
and Blomert used a cross-sectional study design in which only concurrent relations 
between predictors and reading fluency were studied, making interpretations about 
causality to be taken with caution. Their results do add to the suggestion that the 
connection between phonology and orthography (see Bosman & Van Orden, 1997; 
Van Orden et al. 1990) remains more important for spelling than for word reading 
during development. Babayiğit and Stainthorp (2010, in Turkish) also showed higher 
predictive power of phonological awareness to spelling skills as related to word 
reading skills. 
Vaessen and Blomert (2013) found no contribution of rapid naming to spelling 
development, whereas the contribution of rapid naming to reading was relatively 
strong. Although rapid naming has previously been found to be a predictor of spelling 
ability (Caravolas et al., 2012; Furnes & Samuelsson, 2010; Verhagen, Aarnoutse, & Van 
Leeuwe, 2010), it has been proposed to be more related to reading skills, since fluent 
reading is a timed performance from the very beginning (at least in a transparent 
orthography) whereas spelling is not (e.g., Kirby, Desroches, Roth, & Lai, 2008; Lervåg 
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& Hulme, 2010). Also, the contribution of short term memory (e.g., Lervåg & Hulme, 
2010) and vocabulary (e.g., Verhagen et al., 2010) have previously been evidenced 
in the prediction of spelling abilities. The Norwegian study of Lervåg and Hulme 
(2010) longitudinally examined all the before mentioned cognitive and linguistic 
contributions to spelling development in one and the same study. They found that 
grapheme-to-phoneme knowledge and phonemic awareness (which could hardly 
be differentiated from each other) consistently were the most powerful predictors 
of spelling development. Other studies agree on the contribution of phonemic 
awareness and grapheme-to-phoneme knowledge to spelling performances (e.g., 
Caravolas et al., 2001; Hulme, Snowling, Caravolas, & Carroll, 2005; Muter ,1998) and it 
is in line with the phonological coherence model (Bosman & Van Orden, 1997). 
The integrated development of word reading and spelling and 
their precursors
 Word reading and spelling skills have long been considered more or less the same 
skills, performed in opposite directions (Ehri, 2000; Perfetti, 1997). Similar fundamental 
skills would be underlying to the performance of both word reading and spelling, 
in that view. More recently, however, it has been argued that spelling is not a one-
to-one reversal of word reading, although word reading and spelling both rely on 
knowledge of the alphabetic principle (Abbott, Berninger, & Fayol, 2010; Foorman, 
Arndt, & Crawford, 2011; Shanahan, 2006). The Phonological Coherence model of 
Bosman and Van Orden (1997) shows a network with recurrent relations between 
phonemic, graphemic and semantic information. All relations can be activated in 
both directions, meaning that both conversion from graphemes-to-phonemes and 
phonemes-to-graphemes are supported in this model. 
Spelling, however, is argued to be more difficult than reading (Bosman & Van Orden, 
1997). One reason is because inconsistencies in spelling must be resolved with weaker 
cues of grapheme-semantic relations, whereas inconsistencies in reading can rely 
on stronger phoneme-semantic cues (Bosman & Van Orden, 1997). In other words, 
correct spelling requires the active generation of an orthographic structure, whereas 
reading basically requires its identification and recognition (Fletcher-Flinn et al., 
2004). A second reason is because, in general, there are more graphemes to choose 
from for writing down a phoneme, than there are phonemes for pronunciation of a 
grapheme. As a consequence of this asymmetry between the regularity of phoneme-
to-grapheme conversion as compared to grapheme-to-phoneme conversion, 
individual differences in children’s spelling skills are larger than those in reading skills 
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from the very beginning. A brain study in poor German spellers with normal reading 
skills (Gebauer et al., 2012) showed that the grapheme-to-phoneme knowledge of 
the children could compensate for weak orthographic representations in reading. 
However, due to asymmetries in conversion, this could not compensate in spelling. 
Other German studies on poor spellers found similar results (e.g., Moll & Landerl, 
2009; Wimmer & Mayringer, 2002). Although orthographies differ in the reciprocity 
of the conversion (e.g., Finnish and Turkish show high regularity in both directions; 
Babayiğit & Stainthorp, 2010; Leppänen, Nieme, Aunola, & Nurmi, 2006), a certain 
asymmetric consistency is typical across alphabetic orthographies (see Van Orden, 
Bosman, Goldinger, & Farrar, 1997, and e.g., Bekebrede, Van der Leij, & Share, 2009 
(Dutch); Pinto et al., 2015 (Italian); Stone, Vanhoy, & Van Orden, 1997 (English); Wimmer 
& Mayringer, 2002 (German); Ziegler, Jacobs, & Stone, 1996 (French)). Finally, writing 
down a heard word requires detailed phonological analysis of speech, which is of 
less prominent relevance in reading a written word (Carroll, Snowling, Stevenson, & 
Hulme 2003).
Although a certain relationship between word reading and spelling is assumed, the 
aforementioned differences point to an asymmetry in the skills and their relative 
development. A prominent question is how both skills might contribute to each 
other’s development. The exact nature of the relationship between reading and 
spelling development has, however, been investigated in only few studies and no 
consensus has been reached so far. Studies showed that reading and spelling are 
also influencing each other’s development. Both bidirectional (prediction of reading-
to-spelling and spelling-to-reading; e.g., Abbott et al., 2010) and unidirectional 
(e.g., one-way reading-to-spelling prediction; e.g., Ahmed et al., 2014) influences of 
word reading and spelling have been assumed. Ellis and Cataldo (1990) conducted 
a longitudinal study in an English Grade 1 sample to explore the direction of the 
relationship. Their path model showed a bidirectional influence, with important 
influence of spelling on early reading and only a weak influence of reading on early 
spelling. A cross-sectional study of Abbott et al. (2010) also found reciprocal influence 
from reading-to-spelling and from spelling-to-reading during second to seventh 
grade in the US, albeit they initially found an unidirectional influence of spelling 
on word reading from first to second grade. Although the influences of reading to 
spelling and spelling to reading were significant, they were rather small (coefficients 
ranging from .14 - .33; M = .22) in comparison to the autoregression of the skills 
(coefficients ranging from .56 - .83; M = .68). The longitudinal study of Ahmed et al. 
(2014), which was conducted from first to fourth grade in the US, showed best fit for 
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models with reading-to-spelling influences as compared to models with spelling-
to-reading influences or bidirectional models. In line with this best fit, the study of 
Caravolas, Hulme and Snowling (2001) showed a considerable unidirectional influence 
of emergent reading accuracy to emergent spelling (standardized coefficient of .46-
.47, over and above the autoregression of spelling being .36), while no evidence for 
the reversed influence of spelling on reading development was found. Their study 
was conducted in the UK from halfway of the second kindergarten year to halfway 
Grade 2, so floor levels were scored on both reading and spelling during the first and 
second measurement moment. 
The studies on the integrated literacy development described above have all been 
conducted in the outlier English orthography. Few studies in more transparent 
orthographies have been done to disentangle what of these findings can be 
considered general underlying principles in literacy development. Lerkkanen, Rasku-
Puttonen, Aunola, and Nurmi (2004) collected a longitudinal dataset in 83 first grade 
children in the transparent Finnish orthography. In line with the English studies, their 
results showed that reading and spelling both showed substantial stability. Reading 
and spelling were bidirectionally related in the first months of first grade (standard 
coefficients of reading to spelling varying between .27-.31; spelling to reading .23-.51). 
However, only the reading-to-spelling prediction remained during the second half 
year of first grade. In a follow up cross-lagged longitudinal study, Leppänen et al. (2006) 
studied the integrated development of reading and spelling from kindergarten to 
becoming literate (start of Grade 2). The model of Leppänen et al. also showed high 
stability for both reading and spelling, and they found a contribution of preschool 
spelling abilities to reading during the very beginning of becoming literate (with 
standardized coefficients of .21 and .38). They explained this association by stating 
that the emerging preschool spelling skills are highly comparable with phonological 
awareness skills (also suggested by Babayiğit & Stainthorp, 2010), which are assumed 
to be predictive for reading development. Soon, only the reading-to-spelling 
contributions remained in their longitudinal model in Grade 1 and the start of Grade 
2. Both Lerkkanen et al. and Leppänen et al. covered a broader field of reading 
development, since they also included reading comprehension in their latent reading 
measure. They did, however, not take into account reading speed or efficiency in 
their study. In line with the eventual unidirectional finding in the Finnish studies, 
in an accuracy focused study among 170 Italian children (transparent orthography; 
Desimoni et al., 2012), it has also been found that reading errors predicted spelling 
errors in a unidirectional relationship. Desimoni et al. interpreted theses outcome by 
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stating that having correct phonological reading skills enhances correct spellings of 
transparent words. The study analyzed the relation between two time points from 
Grade 1 to Grade 3. This covers a large measurement interval without intermediate 
measurement moments from the phase during which both reading and spelling 
rely heavily on correct conversion of graphemes and phonemes towards a more 
orthographically driven literacy phase (both in reading and spelling). Therefore, it 
is not clear how interactions between word reading and spelling process during 
this phase. Another Italian study (Pinto et al., 2015) found bidirectional influences of 
reading (both accuracy and speed) and spelling in a free writing task. They studied 
relations between two time points during Grade 1 and Grade 2 for 57 children. 
Although all mentioned studies did find an influence of reading-to-spelling, 
the additional presence of the reversed influence of spelling-to-reading is not 
consistently found. Furthermore, no consensus has been reached yet about the 
consistency and the strength of the influences. Differences in the directionality of 
the findings can be partly explained by characteristics of the studied orthographies. 
Many so-called transparent orthographies show asymmetries in the regularity of 
grapheme-to-phoneme conversion and phoneme-to-grapheme conversion. Less 
regularity in the phoneme-to-grapheme conversion direction as compared to the 
grapheme-to-phoneme conversion, stimulates the use of orthographic strategies in 
spelling already during early development. Therefore, it is suggested that in relatively 
transparent (but asymmetric) orthographies, the interaction between reading 
and spelling development is different from the integrated development in other, 
generally opaque, orthographies.
Differences in the directionality that is found in previous literature is not only due 
to differences in orthographic systems, however. In addition, differences come 
from variations in measurement intervals and periods of interest, and differences in 
constructs that have been measured. Frith (1985) was one of the first to hypothesize 
that period of interest might influence findings, since she suggested that phase-wise 
development of reading and spelling might not run in synchrony. In her theoretical 
model, reading and spelling shift their leading role in different developmental phases, 
and therefore, influence each other’s development in different developmental 
phases. For example, children might first practice their alphabetic strategies in 
spelling before they start to apply this practiced skill to reading too. The orthographic 
strategy, in contrast, might develop first in reading before children adopt the strategy 
in spelling too. This implies that reading development serves spelling development 
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as soon as additional orthographic strategies come into play. Bosman and Van Orden 
(1997) elaborated on that theory by adding that the differences and asymmetries 
between reading and spelling development are enhanced by how we use reading 
and spelling skills in daily life. Usually, people read more than they spell. It has indeed 
been argued (e.g., Cunningham & Stanovich, 1990; see also Ellis, 1994) that fluent 
readers read more, resulting in better specified orthographic lexicons, which on its 
turn can be used in spelling, even in young children during early development. 
Regarding precursors in the integrated literacy development, only few studies 
simultaneously studied the influence of cognitive and linguistic precursors in an 
integrated model of both spelling and reading. Caravolas et al. (2001) found that, 
after the autoregressive and interdependent relations were taken into account, 
grapheme-to-phoneme knowledge and phoneme isolation skill were the only 
unique predictors of spelling, whereas reading was uniquely predicted by letter name 
knowledge and phoneme isolation skill. It should, however, be taken into account 
that in the Caravolas’ study, floor levels were scored on the first two measurement 
moments of spelling. This might have influenced their results. Leppänen et al. found 
that phonological awareness and grapheme-to-phoneme knowledge measured in 
preschool years uniquely impacted both the reading accuracy (including reading 
comprehension) and spelling development during preschool. Grapheme-to-
phoneme knowledge even had an additional impact on reading development 
in Grade 1. Both studies have not included precursor measures of short term 
memory and vocabulary. In addition, reading fluency and lexical retrieval, like rapid 
naming, was not taken into account in previous integrated models. Rapid naming 
has previously been established as a relevant precursor of reading development 
(e.g., Moll et al., 2014). In fact, rapid naming was currently proposed to represent 
orthographic processing and, therefore, to influence the building of an orthographic 
lexicon (see Moll et al., 2014 for an overview of the literature). It has been proposed, 
therefore, to be related to spelling processes as well. 
It is far from clear how the integrated development in early reading and spelling 
unfolds in transparent orthographies. The current study investigated how early 
reading efficiency and spelling interact with each other in Dutch children, and 
how this integrated development is fed by cognitive and linguistic underpinnings, 
including rapid naming. Although the few studies on the integrated development 
of reading and spelling all mention interdependencies, mostly with a predicting 
power in the reading-to-spelling direction, no consistency about the exact nature of 
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the interrelationship has been reached. First, it remains far from clear how the word 
reading and spelling development continues from the literacy development in Grade 
1 to becoming more proficient in Grade 2. Second, truly longitudinal consideration 
in one and the same cross-lagged design is rare for both the early word reading 
and spelling development. Third, most previous research on the relation between 
reading and spelling, even the study in the transparent Finnish orthography, have 
measured reading accuracy instead of reading efficiency (but see e.g., Pinto et al., 
2015). In an efficiency measure, the accuracy is inherently taken into account, but 
the focus is on fluency. In English studies, early word reading performance is best 
measured in terms of accuracy, because children simply cannot yet efficiently read 
during the initial phases of word reading development. The reading accuracy data in 
the Finnish study (Lerkkanen et al., 2004) were highly skewed, for example, showing 
that accuracy as an indicator is less useful for discriminating poor readers from 
good readers in transparent orthographies (Babayiğit et al., 2010; Landerl & Wimmer, 
2008; Pinto et al., 2015; Verhoeven & Van Leeuwe, 2009). Lastly, only few studies have 
taken cognitive and linguistic precursors into account in studying the nature of the 
integration of word reading and spelling development.
Present Study
In the present study, we examined the singular and integrated development of both 
word reading and spelling in Dutch during the first two years of formal instruction 
in terms of their cognitive and linguistic determinants. Therefore, the current study 
adds to our knowledge on the integrated early reading and spelling development 
in different orthographies, strengthening our knowledge about general underlying 
principles in literacy development. This longitudinal study was conducted from 
kindergarten up to the end of second grade, containing 478 Dutch participants. 
Cognitive and linguistic measures were assessed in kindergarten, and word reading 
and spelling performances were assessed four times during first and second grade 
(halfway and by the end of the school years). We aimed to answer to the following 
questions:
 
1.  How is the singular development of early word reading and of spelling in Dutch 
determined by cognitive and linguistic kindergarten measures, and is this different 
for reading and spelling? 
2.  How are early word reading and spelling development in Dutch related to each 
other and how is the integrated model determined by cognitive and linguistic 
kindergarten measures? 
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We expected that both word reading and spelling development could be predicted 
from the kindergarten cognitive and linguistic measures phonemic awareness, 
grapheme-phoneme knowledge, and rapid naming, and, to a lesser extent, by short 
term memory and vocabulary. We expected that both word reading and spelling 
development would be highly autoregressive in nature. We further expected that 
word reading and spelling development would be interrelated to each other, with 
a higher influence of reading-to-spelling as compared to spelling-to-reading. Both 
reading and spelling experience contributes to the consolidation of orthographic 
representations in the mental lexicon. This can be used in the accurate and 
automated retrieval during both reading and spelling performances. However, the 
connections of graphemes-to-phonemes are assumed to be stronger and more 
consistent as compared to the phoneme-to-grapheme connections (Van Orden et 
al., 1990), adding more to the development of stable orthographic representations. 
Less influence of spelling-to-reading was expected, since actual word decoding 
would take strong account for its own further development (and the consolidation 
of the orthographic lexicon). Furthermore, in the Dutch orthography it could be 
hypothesized that learning to read is in the forefront of learning to spell. Therefore, 
early benefits from one skill to the other, flows more logically from word reading to 
spelling. See Figure 1 for a conceptual model showing the relations to be tested in 
the current integrated study on early literacy development.
Figure 1. Conceptual model of tested relations in the integrated literacy development in Dutch.
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Method
Participants
The current study is part of a larger longitudinal cohort study on literacy 
development. A sample of 37 general education primary schools throughout the 
Netherlands participated in the larger longitudinal study. Our sample was treated 
in accordance with institutional guidelines as well as with APA ethical standards. 
Schools, parents, and children were informed about the purpose of the research, 
the expected duration of the experiments, and the procedures. They were informed 
about whom to contact for questions about the research. Schools gave active 
consent to participate in the longitudinal study. Both schools (as institution) and 
parents (of individual participants) were aware of their right to decline participation 
and to withdraw from the research any time before or during the research project. 
After each academic year, the schools were asked if they were willing to maintain 
their participation. The data collection focused on normal educational practices, 
curricula, and methods in daily educational settings. Schools were debriefed with 
information about the results and conclusions of the research.
All schools in this study made use of the same highly systematic phonics based 
reading method in Grade 1 (Veilig leren lezen; ‘Learning to read safely’; Mommers et al., 
2003), by which over 80% of the children in the Netherlands learn to read.
The children were recruited in the end of kindergarten and, for the current study, 
further monitored until the end of Grade 2. We obtained passive informed consent 
from the parents of 1006 children. Children who were expected to stay in kindergarten 
for an extra year were excluded beforehand from participation in the cohort study. 
In total, 15 schools were excluded for analyses in the current study, because they 
made the transition to another version of the standardized spelling measurement 
procedure somewhere during Grade 1 or Grade 2. The 22 schools that continued to 
use the same standardized spelling measurement procedure (De Wijs, Kamphuis, 
Kleintjes, & Tomesen, 2010) were included in the current sample. The schools varied in 
size and both rural and urban areas were represented. All regions of the Netherlands 
were represented in the sample.
For current analyses, children who missed two or more of the repeated standardized 
measures of word reading and/or spelling were excluded from the initial sample (74 
children; 13% of the participants). The exclusions were mostly due to movements or 
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transfer to other schools, or to long absence for illness during the longitudinal study. 
Analyses were conducted with a representative sample of 487 Dutch children (246 
boys; 241 girls). In the Netherlands, kindergarten is a two-year program prior to first 
grade. The children were firstly assessed by the end of kindergarten. The mean age 
of the children at that moment was 6;2 years (SD = 0;4). All children spoke Dutch and 
18% spoke another language at home as well. This percentage is representative to 
the multicultural nature in the Netherlands. Different social classes were represented 
by the sample, as indicated by the educational level of the main care giver. The 
distribution was representative for the distribution of educational level in the 
Netherlands (Centraal Bureau voor de Statistiek [Statistics Netherlands], 2007). 
Materials
Cognitive and linguistic skills in kindergarten. 
The kindergarten test battery on child characteristics consisted of seven tasks, which 
were designed for the purpose of the longitudinal study on literacy development 
(Schaars et al., 2017). The tasks measured different constructs that were assumed 
to be involved in learning to read and spell. All tasks included items increasing in 
difficulty, except for the tasks measuring rapid naming and grapheme-phoneme 
knowledge. Difficulty was established based on length and CV-structure (Schreuder 
& Van Bon, 1989), phoneme position (De Graaf, Hasselman, Verhoeven, & Bosman, 
2011), and phoneme characteristics and sound assimilation effects (Geudens & 
Sandra, 2003). Two practice items preceded each task, except from the grapheme-
phoneme knowledge task. All pictures in the rapid naming task were practised. The 
score on each task was the number of correct responses. To get insight into the 
psychometrical quality of the kindergarten test, the Cronbach’s α of each task was 
normed on the 1006 children that initially participated in the kindergarten test wave. 
In addition, the variance from the mean and the deviation of the scores between 
student’s provided good distributions for sensible analyses of the individual 
variations among the children. No floor or ceiling levels for the tasks were reached 
for children at the end of kindergarten. 
Initial phoneme isolation. 
In order to examine initial phoneme isolation skills, the child had to sound out the 
first phoneme of 10 orally introduced monosyllabic CVC-structured words (e.g., muis, 
soep). The task had good reliability (Cronbach’s α = .83).
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Word segmentation task. 
To assess word segmentation skills, the child had to serially pronounce each phoneme 
of an orally introduced word. The task contained 10 words with increasing difficulty, 
starting with CVC-structured words followed by CCV(C)- or (C)VCC-structured 
words and CCCV(C)- or (C)VCCC-structured words. The task was discontinued after 
five consecutive incorrect responses. It was assumed that further items could be 
considered incorrect. The task had good reliability (Cronbach’s α = .85).
Grapheme-phoneme knowledge. 
To examine grapheme-to-phoneme conversion skill, the child was asked to sound 
out 34 graphemes used in Dutch. The graphemes c, q, x, and y were excluded from this 
task, because these graphemes are very low frequent in the Dutch reading system. 
The graphemes were introduced in columns on a card. The font corresponded with 
the font used in the Grade 1 reading curriculum, and graphemes were introduced 
in lower case. In this task only the grapheme sound was considered correct; naming 
the grapheme’s name was incorrect. The task had excellent reliability (Cronbach’s α 
= .93). 
Since we expected a high interrelationship between the three measures of early 
literacy (Caravolas et al., 2001; Hulme et al., 2005; Lervåg & Hulme 2010; Muter, 1998), 
we conducted a principal axis factor analysis with oblique rotation (Promax; Muthén 
& Muthén, 2007) on the three measures described above. The analysis revealed one 
component with high loadings (.81 to .83) that explained 66.96 % of the variance. 
The Kaiser-Meyer-Olkin measure verified the adequacy of this analysis, KMO = .69 
(middling; Hutcheson & Sofroniou, 1999). All analyses in the current study were 
conducted using a latent factor variable named Early literacy.
Rapid naming of objects.
The Rapid naming task was developed to measure the lexical retrieval speed of 
visually presented objects. Nonalphanumeric stimuli are preferred in prereaders, 
since the stimuli should be ‘highly familiar’ to tap into the automated retrieval skills 
(e.g., Kirby et al., 2010; Lervåg & Hulme, 2009). Furthermore, Landerl et al. (2013) found 
in their regression models that both digits and pictures were reliable predictors of 
diagnostic status. The task consisted of five different pictures, all corresponding with 
one-syllable high frequent Dutch words (viz., saw, pot, thumb, trousers, tent) which 
were familiar to children in the age of 6 (Schaerlaekens et al., 1999). The pictures were 
presented in six columns of 22 objects (132 objects in total). The task was preceded 
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by a short practice session to make sure the child named the presented pictures 
correctly. The child had to name as many objects as possible from top to bottom 
during one minute. The task had excellent reliability (Cronbach’s α = .95).
Verbal short term memory. 
The quality of the phonological store of verbal short term memory was measured 
with a pseudoword repetition task. There were 20 one-to-four syllable pseudowords 
in this task, introduced by the test assistant in ascending order of length. The child 
was asked to accurately repeat each word. The whole word had to be repeated 
correctly; stress differences and substitutions due to certain articulation errors in 
individuals were counted as correct. After five consecutive incorrect responses, the 
task was discontinued. The reliability of this task was good (Cronbach’s α = .77).
Visual short term memory.
The task on visual short term memory measured the sequential short term memory 
of concrete visual information. The child was asked to remember the order of series 
of visually presented figures (viz., fish, cow, ship, chicken, sock) that were presented for 
5 seconds by the test assistant. After those 5 seconds, the booklet with the pictures 
closed and the child was asked to put cards with the pictures in the same order 
as had been presented in the booklet. The task contained 15 series. The number 
of figures in a series increased from two to five figures to remember. After three 
consecutive incorrect series, the task was discontinued. The reliability of this task was 
good (Cronbach’s α = .77).
Vocabulary.
The vocabulary task was developed to measure the active vocabulary of the 
children. The pictures in the task were extracted from a Dutch language test for 
foreign children (TAK; Verhoeven & Vermeer, 1986). The task contained both nouns 
and verbs. Twenty-nine black and white line pictures were shown to the child. Every 
picture was accompanied by a little phrase pronounced by the test assistant. The 
child was asked to complete the phrase by naming the correct word. The task was 
discontinued after five consecutive incorrect responses. The task had good reliability 
(Cronbach’s α = .83).
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Word reading development.
Standardized word reading measures. 
With standardized tests, we systematically assessed children’s ability to decode words 
(Drie-minutentoets; “Three-minutetest”; Krom, Jongen, Verhelst, Kamphuis, & Kleintjes, 
2010). The total task consisted of three word cards which varied systematically 
with regard to orthographic transparency (cf. Nunn, 1998): the first card consisted 
of transparent one-syllable simple-structured words; the second card contained 
transparent words with at least one consonant cluster; the third card contained 
highly transparent words with at least two syllables. Per card, the child was asked to 
accurately read as many words as possible during 1 minute. The amount of correct 
read words was the score on a reading card. The sum score of both cards was the 
word reading efficiency score. This combination of card scores was considered 
reliable, with a Cronbach’s α of .96 for the sum of the two cards halfway Grade 1 and 
.97 for the combination of three cards in subsequent measurement moments (Krom 
et al., 2010).
Spelling development.
Standardized spelling measures. 
We administered spelling ability with standardized tasks that vary and increase 
in difficulty over the measurement moments (CITO Spelling toets; “CITO Spelling 
assessments”; De Wijs et al., 2010). The standardized spelling tasks were based on 
the Item Response model of Rasch (1960). Scores on the subsequent test moments 
were converted to standardized scores, following the principles of the One 
Parameter Logistic Model (Verhelst & Glas, 1995; Verhelst, Glas & Verstralen, 1995). 
This made them comparable to each other (between individuals), and to their own 
previous performances (within individuals). Administration of the same spelling 
test on successive measurement occasions was clearly not an option because of 
learning and memory effects on the specific items. In addition, it is not meaningful 
to administer the same spelling test in the lower as well as the upper grades of 
elementary school. Standardized scores were calculated based on national norm 
scores of a representative group of Dutch children (ascending from national average 
score of 106 halfway Grade 1 up to 120 at the end of Grade 2; De Wijs et al., 2010). The 
norms differed for each subsequent measurement moment, meaning for example 
that a higher standardized score was expected for children in the end of Grade 2 as 
compared to the scores halfway Grade 2. Three different spelling tasks were used in 
the current study. 
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Single word dictation task. 
In the single word dictation task, 25 single words were pronounced. In an examination 
booklet, a little black line picture accompanied each orally pronounced target 
word. The children were asked to write down the pronounced words next to the 
line pictures. The amount of correct spelled items is the score on the single word 
dictation task.
Sentence context dictation task.
In this task, 25 target words were each orally represented in a short sentence and 
the children were asked to write down the target word using paper and pencil. An 
example of one item is: “The dog is playing with the ball”…write down… “ball”. The 
amount of correct spelled items is the score on the sentence dictation task. 
Spelling decision task. 
In the decision task, four written sentences are represented per item. The four 
sentences all contain one word in bold. One of the four bold words is spelled 
inaccurately. The child was asked to encircle the word with the inaccurate spelling. 
In total, 25 items were assessed. The amount of correct encircled inaccurate spellings 
is the score on the decision task. 
The single word dictation, the sentence context dictation, and the spelling decision 
task are all indicators of the same underlying ability (De Wijs et al., 2010), and the 
standardized tasks were all reliable, with all Cronbach’s α > .90 (De Wijs et al., 2010).
Procedure
At the end of Kindergarten, children participated in an individual assessment of 
about 30 minutes. The tasks in the test battery were conducted by the first author 
and eight trained test assistants with a Bachelor’s or Master’s degree in educational, 
psychological or linguistic sciences. Tasks were conducted in the same fixed order 
for all children. The test assistant orally provided instructions for all tasks. Other than 
for the practice items, no feedback on the correctness of item scores was provided 
to the children. All tasks were administered individually in a quiet room at school 
during regular school hours.
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Word reading efficiency, taking into account both accuracy and speed, was 
administered in a standardized task halfway and by the end of both Grade 1 and 
Grade 2 (in February and in June). In total, four repeated measures of word reading 
ability were administered during the two school years. Only the first two cards of 
the standardized word reading task were administered halfway Grade 1, because 
the children were not yet able to read the words on the third card. In all subsequent 
measurement moments, all three cards were administered. This procedure is in 
accordance with the manual of the standardized task (Krom et al., 2010). The tests 
were carried out individually by certified teachers of the participating schools (mostly 
the remedial teacher of the schools) in a quiet room within the school building. The 
children received a short instruction before the test started. 
In accordance with the standardized assessment of word reading, the children 
were assessed on two occasions per school year with standardized spelling tasks 
(in February and in June). After two school years, the children participated in four 
waves of spelling assessments, therefore. All spelling assessments were administered 
in classroom setting, and were carried out by the daily teacher of the children. 
This is in accordance with the manual of the standardized task and reliability was 
determined based on this procedure (De Wijs et al., 2010). The children received a 
short instruction before the assessment started. All items in the spelling assessments 
were scored manually by a trained test administrator (right or wrong; mostly by the 
daily teacher of the children). 
There were three different spelling tasks (Single word dictation task, Sentence 
context dictation task, and Spelling decision task), which were conducted in different 
compositions based on measurement wave and on individual differences between 
the children (cf. Rasch, 1960). Each measurement wave consisted of two parts: 
During the first part, the global level of the individuals was determined by a dictation 
task which assesses random sample items throughout a continuous scale (single 
word dictation in Grade 1 and Sentence dictation in Grade 2). After determination 
of the spelling level, classes were divided into a group of poor spellers and a group 
of good spellers. The cut off score for the classification is determined by extensive 
accuracy tests of the standardized assessment method (De Wijs et al., 2010). Both 
groups got different, level adapted, more specific spelling tasks for the second part 
of the concurrent measurement wave. This differentiated testing is called multi stage 
testing. Test results between and within individuals can be compared on one and 
the same scale, regardless of the items that have been administered for individuals 
(see Rasch, 1960).
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Halfway Grade 1, all children were first assessed in a global Single word dictation 
task. In the same measurement wave, all participating children conducted a second, 
more specific, Single word dictation task. Now, the poor spellers received other (level 
adapted) words in the dictation task than the good spellers. In total, all children 
wrote down 50 target words during this measurement moment. 
By the end of Grade 1, again multi stage testing was conducted. All children were 
first assessed in a Sentence context dictation task. Right thereafter, poor and good 
spellers received different words in a second Sentence dictation task. In total, all 
children wrote down 50 target words during this measurement wave. 
Halfway Grade 2, all children were first assessed in a Sentence context dictation 
task. Subsequently, the poor spellers got a second Sentence dictation task, while 
the good spellers received a Spelling decision task. In total, 50 target words were 
assessed for all children by the end of this measurement moment. 
By the end of Grade 2, the Sentence dictation task followed by a second Sentence 
dictation task for poor spellers and a Spelling decision task for good spellers, similar 
to halfway Grade 2.
Analytic Approach
We analysed the data with LISREL longitudinal latent path modelling (Jöreskog & 
Sörbom, 1996) to examine both the word reading development and the spelling 
development during the first two years of elementary school. Autoregression models 
were used, since they allow the incorporation of other sources of variance, and 
therefore were found particularly suited to examine whether different determinants 
affect interindividual variance at different times (Bast & Reitsma, 1997). This made 
these models suitable for examining the longitudinal development of word reading 
and spelling, their integrated development (in a cross-lagged latent panel model), 
and their cognitive and linguistic precursors in the current study.
Cross-lagged latent panel models are particularly useful to examine predictive 
regression relations among latent constructs over time (Little, 2013). These models 
analyse individual differences expressed as change over time, and therefore fit very 
well with our research aims. In contrast to growth modelling studies, the current 
study focused more on between subject differences instead of within subjects 
changes like rate and shape of change. In the cross-lagged latent panel model, the 
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residual covariances between the endogenous variables (word reading and spelling) 
were freely estimated. This means that we take into account that the variables at 
one time point might share some common `cause` not explained by the specified 
predictors. The latent variables of reading and spelling, and the latent variable of 
rapid naming consisted of one indicator each, namely the observed variable of 
the skill at the specific time point. The latent variable of early literacy consisted 
of three indicators, namely grapheme-to-phoneme knowledge, initial phoneme 
isolation, and word segmentation. The error terms of each variable were set equal 
to 0. The factor loadings for each latent variable were fixed to 1, in order to identify 
and estimate the model. For the latent variable of early literacy, the grapheme-to-
phoneme skill was fixed to 1, while the other two skills were freely estimated. Time 
was used as a fixed factor in the current design, meaning that variables later in time 
were considered not to influence variables earlier in time. 
In the conceptual model, a measurement moment of one construct was considered 
to be influenced by the directly preceding measurement of the same construct 
(autoregression). The child characteristics measured in kindergarten were added 
to the models in order to measure the predictive value of the child characteristics 
in kindergarten on the later literacy development. Both spelling and word reading 
development were first considered independently in separated models, and 
subsequently the reciprocal relationships of the cross-lags were analysed in an 
integrated model. We deleted, one-by-one, the non-significant prediction paths 
starting with the path that showed the weakest relation (the model was re-ran after 
every modification). Only those influences significant at α < .05 were presumed in 
the models. This is in line with Little (2013) to delete non-significant effects which do 
not contribute to the prediction of the construct that was tested in the model, unless 
strong theoretical expectations were formulated on specific paths. After testing the 
hypothesized models, the Modification index and the associated Expected parameter 
changes were consulted in LISREL for plausible modifications (see Little, 2013; Saris, 
Satorra, & Van der Veld, 2009). Modifications were accepted if the expected change 
was both significantly contributing to the fit of the model ( MI ≥ 3.84, which refers 
to significance improvement of the chi2 at α = .05) , and was theoretically plausible. 
The fit of the models was evaluated using a chi-square (χ2) test. Because of the large 
sample size in the current study, the power to reject the model was too high to only 
use χ2 statistic as a decisive criterion (Jaccard & Wan, 1996). Therefore, in addition 
the Root Mean Square Error of Approximation (RMSEA) and the relative chi-square 
(χ2rel), calculated as the ratio of the chi-square with the degrees of freedom, were 
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taken into account. The RMSEA adds an additional correction factor for the effect of 
sample size and the degrees of freedom. In addition, we calculated the confidence 
interval around the point estimate of the RMSEA, to provide some more information 
about the range in which the true value may fall (Little, 2013). The critical value for 
RMSEA was set on < .06 to be considered good fit (Tabachnick & Fidell, 2014), on .06 
-.08 to provide acceptable model fit, and .08-.10 for mediocre fit (Little, 2013). The 
relative chi-square should be lower than 3 to be considered good fit (Carmines & 
McIver, 1981). 
Results
Prior to analysis, the data were examined for missing values. None of the included 
variables missed more than 2.5% of the values and the missing pattern of the current 
dataset was considered at random (Little’s MCAR test: χ2(83) = 103.95, p = .06). The 
dataset was perfectly suitable for classic analyses and for LISREL path modeling. The 
parameters were estimated using the Full Information Maximum Likelihood (FIML) 
approach in LISREL (Enders, 2010; Little, 2013). The means, standard deviations, and 
skewness and kurtosis values of the kindergarten measures are presented in Table 
1. Skewness and kurtosis were within the range of determining normality (skewness 
reference value > 2.1; kurtosis reference value > 7.1; Kim, 2013; West et al., 1995). The 
four measurements of word reading and the four measurements of spelling are 
presented in Table 2. Paired sample t-tests showed that the mean scores steadily 
increase between every consecutive measurement moment for both word reading 
and spelling from halfway Grade 1 through the end of Grade 2 (all p’s < .001). 
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Table 1 
Means and Standard Deviations of Cognitive and Linguistic Precursor Measures in Kindergarten 
(N = 487)
Measure Mean (SD) Max. score Skewness (SE) Kurtosis (SE)
Grapheme-phoneme 
knowledge
18.34 (7.45) 34 -0.14 (0.11) -0.72 (0.22)
Initial phoneme isolation 8.35 (1.83) 10 -1.84 (0.11) 4.17 (0.22)
Word segmentation 4.35 (2.55) 10 0.01 (0.11) -0.57 (0.22)
Rapid naming 40.71 (8.90) 66 -0.01 (0.11) 0.22 (0.22)
Visual short term memory 8.19 (3.02) 15 -0.40 (0.11) -0.28 (0.22)
Verbal short term memory 15.34 (3.12) 20 -0.85 (0.11) 0.50 (0.22)
Active vocabulary 14.03 (4.42) 25 -0.45 (0.11) 0.13 (0.22)
Table 2
Means and Standard Deviations of Word Reading and Spelling (N = 487)
Word reading (correct per minute) Spelling (standardized)
Measurement  
moment
Mean  
(SD)
Skewness 
(SE)
Kurtosis  
(SE)
Mean  
(SD)
Skewness 
(SE)
Kurtosis  
(SE)
Halfway Grade 1 51.01 (28.99) 1.30 (0.11) 2.57 (0.22) 111.02 (6.67) 0.23 (0.11) -0.12 (0.22)
     Card 1 31.30 (18.29)
     Card 2 22.47 (17.25)
End Grade 1 114.11 (53.62) 0.56 (0.11) -0.33 (0.22) 116.01 (5.87) 0.56 (0.11) 0.52 (0.22)
     Card 1 50.41 (19.62)
     Card 2 36.94 (18.98)
     Card 3 23.59 (13.72)
Halfway Grade 2 168.37 (60.71) 0.05 (0.11) -0.62 (0.22) 122.20 (6.81) 0.32 (0.11) 0.05 (0.22)
     Card 1 69.71 (20.67)
     Card 2 57.62 (22.89)
     Card 3 40.86 (18.80)
End Grade 2 191.71 (59.54) -0.06 (0.11) -0.40 (0.22) 123.51 (7.63) 0.80 (0.11) 1.39 (0.22)
     Card 1 75.73 (19.13)
     Card 2 64.82 (22.19)
     Card 3 49.30 (18.66)
Note. For some participants, the schools did provide the sum scores of the Word Reading cards, 
but not the separate scores of the cards. This explains the small discrepancies between means of 
card and means of sum scores.
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The moderate correlations of the kindergarten measures in Table 3 confirmed that 
all kindergarten measures were related, nonetheless measured independent skills. 
Grapheme-phoneme knowledge, initial phoneme isolation, and word segmentation 
were most related, as expected, for all measuring components of early literacy. As 
is additionally shown by Table 3, all kindergarten measures were related to the 
outcome measures of both word reading and spelling. Active vocabulary was not 
correlated with word reading and the small correlation with spelling disappeared by 
the end of Grade 2. Word reading and spelling were correlated measures.
Table 3
Correlations between Precursor Measures, Word Reading Efficiency, and Spelling Ability
Measure 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1. GPK -
2. IPI .493** -
3. WS .519** .501** -
4. RAN .394** .263** .258** -
5.STMvis .234** .130** .219** .187** -
6.STMverb .254** .386** .288** .203** .127** -
7. VOC .173** .202** .225** .257** .076 .259** -
8. WRM1 .539** .278** .328** .380** .229** .239** .090* -
9. WRE1 .462** .242** .261** .357** .222** .220** .049 .846** -
10.WRM2 .389** .178** .177** .362** .185** .189** .003 .721** .883** -
11.WRE2 .347** .142** .132** .357** .180** .178** -.005 .664** .845** .939** -
12. SPM1 .441** .316** .322** .231** .155** .274** .196** .462** .401** .317** .289** -
13. SPE1 .408** .284** .306** .245** .185** .268** .263** .506** .502** .419** .393** .582** -
14. SPM2 .486** .268** .284** .273** .207** .238** .110* .578** .623** .581** .563** .583** .617** -
15. SPE2 .500** .230** .261** .303** .248** .177** .046 .614** .652** .623** .611** .426** .472** .746** -
Note. * p < .05;  ** p < .01; GPK = Grapheme-Phoneme Knowledge; IPI = Initial Phoneme Isolation;  
WS = Word Segmentation; RAN = Rapid naming; STMvis = Visual short term memory;  
STMverb = Verbal short term memory; VOC = vocabulary; WRM = Word Reading Middle of the year; 
WRE = Word Reading End of the year; SPM = Spelling Middle of the year;  
SPE = Spelling End of the year.
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Prediction of Word Reading Development
To address the first research question about the stability of word reading development 
and the determination by kindergarten measures, first a longitudinal developmental 
model of the repeated measures of word reading was built. Paths were specified 
between the subsequent measures of word reading. Second, the predictive values 
of the kindergarten measures on the latent autoregression model were analyzed. 
We first specified paths considering prior variables to have direct causal influences 
on variables at the immediately following test time. Therefore, the kindergarten 
precursors were released on the first measurement moment, halfway Grade 1. If 
the model asked for further independent contributions, we added the additional 
predictive paths (Modification indices). However, no plausible additional paths were 
proposed by the model. Only lags forward in time were considered. It was assumed 
that influences of the kindergarten abilities would be transmitted through the 
developmental path. This resulted in the model depicted in Figure 2a. The model 
shows high autoregression in word reading development through Grade 1 and 2 
(see Table 4 for the estimated parameter effects). The path model was predicted by 
early literacy and rapid naming. Although informative, this model had a mediocre 
fit to the data, χ²(14) = 68.85, p < .001, RMSEA = .090, RMSEA 90% CI = .069-.110, χ2rel 
= 4.92 (Little, 2013). 
Prediction of Spelling Development 
To address the research question about the stability of spelling development and 
the determination by kindergarten measures, first, the latent autoregressive model 
was also evaluated for the spelling measures. Second, the kindergarten measures 
were added to the autoregressive model, starting with early literacy. After the 
contribution of early literacy, no further kindergarten measures were contributing 
to the prediction model. Third, modification indices in LISREL suggested a direct 
path from early literacy to the spelling measurement by the end of Grade 2. This 
suggestion was assumed plausible within the context of our conceptual model 
and it significantly increased the fit of the model to the data. Figure 2b shows the 
resulting model. High autoregression in the development of spelling ability has 
been shown, and the developmental path is predicted by early literacy (also see 
Table 4). Although the model visualized the spelling development, the model had 
a mediocre fit to the data, χ² (9) = 42.13, p < .001, RMSEA = .087, RMSEA 90% CI = 
.062-.110, χ²rel = 4.68 (Little, 2013). The model was considered sufficient for exploration 
of the predictive and developmental relationships, but results should be interpreted 
with caution, therefore. 
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Integration of Word Reading development and Spelling development 
The main focus of the study was the integrated development of word reading 
and spelling. A combined path model was built with both word reading efficiency 
and spelling, as measures of literacy development across the first two grades of 
elementary school. Our conceptual model of the integrated development was based 
on the combination of the singular basic simplex change processes, our theoretical 
expectations, and on the guidance of previous work.
 First, paths were specified between the subsequent measures of the same construct. 
Second, the variables at concurrent measurement moments were allowed to covary. 
The residual covariances between the endogenous variables (word reading and 
spelling) were freely estimated, and therefore, allowed to associate. This association 
was not significant at the end of Grade 2 and, therefore, was not retained in the 
model. Third, the first order cross-lag relationships between word reading and 
spelling were analyzed over and above the autoregressive relations (cross-lag panel 
model). That means, we analyzed the effects of word reading at time t on spelling 
at time t + 1 and vice versa, starting at measurement moment 1. Only lags forward 
in time were considered. Fourth, the precursors measured in kindergarten were 
added to the integrated model. First, the independent contributions on the first 
longitudinal measurement moment were considered and added as additional paths. 
Thereafter, possible additional predicting paths to the other measurement moments 
were considered, using the modification indices. A direct path from the first word 
reading measurement (halfway Grade 1) to the last spelling measurement (end of 
Grade 2) was suggested. This suggestion was assumed plausible within the context 
of our conceptual model and it significantly increased the fit of the model to the 
data. Although this path was not hypothesized, it was decided to be of theoretical 
plausible relevance. It was preserved in the resulting model, therefore. See Figure 
2c for the resulting model. Also see Table 4 for the estimated parameter effects for 
the integrated model. The model showed a clear pattern of cross-lag relationships 
from word reading to spelling. The reversed reciprocal effect was not found to 
contribute to the fit of the model. The cross-lag effects were relatively constant 
over time, which suggests that the predictive value of word reading on spelling is 
developmentally stable during the first two years of literacy development. It should 
be noted that the contribution of the cross-lag effects were of a smaller magnitude 
than the contribution of the autoregression of the spelling development. Word 
reading development was best predicted by early literacy, and to a lesser extent 
by rapid naming. Spelling development was predicted by early literacy. The model 
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fitted the data adequately and was considered acceptable, χ² (38) = 98.85, p < .001, 
RMSEA = .057, RMSEA 90% CI = .044-.071, χ²rel= 2.60. The completely standardized 
path coefficients are presented. 
a)
b)
c)
Figure 2. Latent autoregressive prediction models of a) word reading development, b) spelling 
development, and c) the developmental interrelationships between word reading development 
and spelling development in a first order cross-lags latent path model. The completely 
standardized path coefficients are presented in the models. All developmental models have 
been analyzed in combination with kindergarten precursors. The residual variances among the 
measurements at one measurement moment were allowed to associate and the early literacy 
and RAN were allowed to correlate, as indicated by the lines in grey. Ovals = latent variables; 
rectangles = measured variables. SP = Spelling; WR = Word Reading; RAN = Rapid Naming; LET 
= grapheme-to-phoneme knowledge; PA = phonemic awareness: phoneme isolation task and 
phoneme segmentation task. M = Mid-year; E = End of year. 
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Table 4
Estimated Parameter Effects for the Singular Model of Both Spelling and Word Reading, and for 
the Integrated Model
Parameters Singular models Integrated model
Reading Spelling
β SPM1-SPE1 0.85 (0.07) 0.89 (0.07)
β SPE1-SPM2 1.19 (0.08) 1.03 (0.09)
β SPM2- SPE2 0.64 (0.08) 0.53 (0.08)
β WRM1-WRE1 1.51 (0.07) 1.56 (0.07)
β WRE1 - WRM2 0.97 (0.03) 0.97 (0.03)
β WRM2 - WRE2 0.95 (0.02) 0.95 (0.02)
ψ SPM1 14.48 (1.92)
ψ SPM2 0.25 (1.33)
ψ SPM2 19.48 (4.15)
ψ SPE2 19.57 (1.80)
ψ WRM1 525.94 (48.02)
ψ WRE1 831.09 (97.55)
ψ WRM2 819.84 (73.81)
ψ WRE2 385.09 (73.80)
ψ WRM1 - SPE2 34.30 (6.26)
ψ WRE1 - SPM2 22.70 (5.42)
ψ WRM2 - SPE2 26.43 (6.18)
α Early literacy –SPM1 3.03 (0.33) 0.52 (0.05)
α Early literacy – SPE2 1.43 (0.37)
α Early literacy –WRM1 10.15 (1.08) 2.59 (0.25)
α RAN –WRM1 0.44 (0.15) 0.47 (0.14)
ϕ Early literacy - RAN 6.49 (0.89) 25.20 (3.10)
R2 SPM1 0.45 0.43
R2 SPE1 0.92 0.99
R2 SPM2 0.57 0.61
R2 SPE2 0.58 0.65
R2 WRM1 0.38 0.39
R2 WRE1 0.70 0.72
R2 WRM2 0.77 0.77
R2 WRE2 0.88 0.89
Note. Standard errors are in parentheses. β = unstandardized β values are presented in this table; 
Ψ = residuals of the latent variables and the residual covariances between two concurrent variables; 
ϕ12 = the covariance between the two observed variables which remained in the model; R2 = 
Proportion variance explained; WRM = Word Reading Middle of the year; WRE = Word Reading End 
of the year; SPM = Spelling Middle of the year; SPE = Spelling End of the year.
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Discussion
The present longitudinal study examined the singular and integrated word reading 
and spelling development during the first two grades of Dutch primary education 
in relation to kindergarten precursor measures. Results show that both spelling 
and word reading development were highly stable and consistently autoregressive 
in nature. Both spelling and word reading development were best predicted by 
kindergarten measures of early literacy (i.e., phonemic awareness, grapheme-to-
phoneme knowledge). Word reading development was additionally predicted by 
rapid naming. The integrated model for word reading and spelling development 
showed that reading and spelling were related, and that word reading level 
predicted subsequent spelling level in Grade 2 over and above the autoregressive 
prediction of spelling itself. The current study in the transparent Dutch orthography 
adds to our knowledge on the integrated early reading and spelling development 
in orthographies other than the highly opaque English orthography, strengthening 
our knowledge about general underlying principles in literacy development.
The singular models show that, in line with the findings in the literature (e.g., 
Furnes & Samuelsson, 2011; Juul et al., 2014; Pinto et al. 2015; Steacy et al., 2014), word 
reading efficiency was predicted mostly by itself in an autoregressive model. Word 
reading development was predicted from kindergarten by early literacy (phonemic 
awareness, grapheme-to-phoneme knowledge) and rapid naming, in line with the 
literature (e.g., Furnes & Samuelsson, 2011; Moll et al., 2014). 
Spelling development was also best predicted by itself in an autoregressive model, 
and by early literacy measured in kindergarten. These results suggest that knowing 
which phoneme corresponds to which grapheme, together with the ability to 
isolate and segment the phonemes in spoken words (i.e., phonological skills), is a 
prerequisite for both learning to read and spell. This finding is in line with previous 
predictive studies on either reading and spelling development in both transparent 
and opaque orthographies (e.g., Furnes & Samuelsson, 2009; Georgiou et al. 2012). 
That implies that both the grapheme-to-phoneme conversion (as required in 
reading) and the phoneme-to-grapheme conversion (as required in spelling) could 
be predicted from a strong early literacy level in kindergarten. 
After the contribution of early literacy, no other kindergarten precursors were found 
to contribute to the prediction of spelling development in Grade 1 and 2. This finding 
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are in line with previous studies showing that early literacy is a stronger predictor of 
early spelling development than rapid naming, at least in transparent orthographies 
(e.g., Furnes & Samuelsson, 2011; Landerl & Wimmer, 2008). However, it should be 
noted that Lervåg and Hulme (2010), did find an influence of rapid naming, and 
to a lesser extent of short term memory on the intercept (but not on the growth) 
of spelling development. Verhagen et al. (2010) also found a contribution of rapid 
naming on the prediction of spelling, and to a lesser extent of vocabulary, although 
it should be mentioned that they did not measure grapheme-phoneme knowledge 
as a precursor in their study. The contribution of our kindergarten rapid naming 
measure was relatively small as compared to the high contribution of rapid naming 
in some previous literature in transparent orthographies (e.g., Vaessen & Blomert, 
2013). We should explicitly mention here that in the current study only one measure 
of nonalphanumeric stimuli was used. Nonalphanumeric stimuli are preferred in 
prereaders, since the stimuli should be ‘highly familiar’ to tap into the automated 
retrieval skills (e.g., Kirby et al., 2010; Lervåg & Hulme, 2009). It is arguable, however, 
that a rapid naming construct compiled out of more than one RAN measurement 
could have given higher contributions to the model. 
Over and above the contribution of early literacy that was provided from 
kindergarten to halfway Grade 1, and indirectly through the longitudinal model, 
early literacy directly contributed to the prediction of spelling performances by the 
end of Grade 2. This suggests that phonemic awareness and grapheme-phoneme 
knowledge remain stable contributors of spelling development over the years. The 
cross-sectional concurrent study of Vaessen and Blomert (2013) also found stable 
contributions of cognitive determinants on spelling, while the impact of early 
literacy on the later reading development seemed to decrease. 
The integrated model describes the developmental relations between word reading 
and spelling in the transparent Dutch orthography. Firstly, the integrated model of 
both word reading and spelling shows that word reading and spelling are related 
to each other. The model fitted to the data very well. Remarkably, however, if both 
reading and spelling development were modelled independently, the fit of the two 
singular models was acceptable but mediocre. Therefore, the integrated literacy 
model was considered a better representation of the data. Early development of 
word reading and spelling can be considered as integrated skills that reinforce each 
other’s process of development. 
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Secondly, the autoregressive relations within the domains of word reading and 
spelling was stronger than the cross-domain contributions, demonstrating that 
reading and spelling are related but different processes. This finding is similar to 
findings in previous research in opaque orthographies (Abbott et al., 2010; Ahmed 
et al., 2014; Foorman et al., 2011; Shanahan, 2006). In addition, the autoregressive 
development of word reading was found to be more consistent as compared to the 
autoregression of spelling development (which decreases over time), which might 
be interpreted as a representation of the strong grapheme-to-phoneme connections 
in reading as compared to the weaker phoneme-to-grapheme connections in 
spelling (see Van Orden et al., 1990). This finding is in line with other studies on the 
consistency and the stability of literacy development (e.g., Pinto et al., 2015).
Thirdly, and more into detail of the cross-pathways in the integrated model 
of word reading and spelling development, word reading was longitudinally 
contributing to subsequent spelling skills. The current findings provide support 
for the notion in previous developmental models (see Frith, 1985) that reading and 
spelling were not only related to each other; children also apply the knowledge 
that they have learned in reading to their further spelling development. 
In grade 2, the cross-domain predictive value of word reading on spelling 
was developmentally stable. No contribution was found from word reading 
halfway Grade 1 to the subsequent spelling measure by the end of Grade 1. 
This indicates that spelling was not predicted by word reading during the first year 
of formal instruction. Indeed, the high autoregression from spelling performances 
halfway Grade 1 to the end of Grade 1 shows that spelling largely grows from its 
own previous performances during this first year, with no additional contributions 
of word reading skills. In addition, spelling in Grade 1 is also highly predicted by 
the kindergarten measure of early literacy. This early literacy measure might be 
overlapping with the relevant components within the initial word reading measure 
(i.e., phonemic awareness and the strength of the grapheme-phoneme connections), 
and therefore takes account for the prediction of spelling in first grade. In addition 
to the lag from end Grade 1, Word reading halfway Grade 1 also directly contributed 
to the prediction of spelling by the end of Grade 2, emphasizing the stability of the 
cross-domain influence of reading on spelling development. Furthermore, this extra 
contribution of early word reading to spelling more than a year later, adds to the 
theoretical suggestion by Frith (1985) that reading is the pacemaker for orthographic 
spelling. Word reading becomes predictive during later spelling development, 
because the words to be spelled become more complex. Therefore, higher levels of 
orthographic representations are required (see also Ellis, 1994). 
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We found no evidence for the reciprocal influence of spelling on subsequent word 
reading. This means that, whereas children apply their reading skills in order to 
improve their spelling skills, this developmental advantage was not found from 
spelling to reading. The current finding is in line with other studies on the integrated 
development of reading and spelling (Ahmed et al., 2014; Caravolas et al., 2001; 
Desimoni et al., 2012). However, there are also studies that did find a reciprocal 
relation (Abbott et al., 2010; Ellis & Cataldo, 1990; Lerkkanen et al., 2004; Pinto et al., 
2015). We found four explanations for the divergent findings. First, the contrasting 
findings could be partly explained by the different characteristics of orthographies, 
in terms of asymmetries in backward and forward conversions (see Bosman & 
van Orden, 1997). Wimmer and Landerl (1997) suggested that orthographies with 
consistent grapheme-to-phoneme relations but less consistent phoneme-to-
grapheme relations (like Dutch) have the advantage of reading experience while 
learning to spell. It could be argued that spelling development also supports the 
phonemic awareness and grapheme-phoneme connections (phonologic mediation 
is fundamental to both reading and spelling; Bosman & Van Orden, 1997), so the 
reciprocal advantage could be evenly present. However, the high consistency in the 
reading process might not need the additional support by spelling, while the more 
inconsistent spelling process takes advantage of the extra support by reading (also 
found by Shanahan, 2006). 
Secondly, differences in findings can also be provoked by different ways of measuring 
reading and spelling constructs. Some studies included reading comprehension 
measures (e.g., Lerkkanen et al., 2004; Leppänen et al., 2006) or free writing exercises 
(e.g., Pinto et al., 2015) already during the very early literacy development, whereas 
in other studies, the absolute measure of word decoding and word spelling were 
conducted. The current study assembled to the absolute measures of word decoding. 
In accordance with for example Babayiğit et al. (2010) and Pinto et al. (2015), timed 
reading instead of word reading accuracy was analysed in the longitudinal models. 
A third explanation for the divergent findings is the contribution of the kindergarten 
precursor measures in the models. For example, Leppänen et al. (2006) found an early 
influence of kindergarten spelling measures to reading during the very beginning of 
literacy development which diminished during later development. They, however, 
showed that the early influence disappeared as soon as kindergarten phonological 
awareness was also taken into account. This suggested that early influence of 
spelling to reading was explained by phonological awareness skills. In the current 
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model, phonological awareness skills were represented by the early literacy measure 
in kindergarten.
Lastly, the time window of interest is another explanation for different findings. As 
has been proposed by Frith (1985), reading and spelling might take turn in their 
influence to each other over developmental course. Spelling-to-reading benefits 
often have been found at the initial phase of learning the alphabetic principle 
(Leppänen et al., 2006; Shahar-Yames & Share, 2008). The children in our study mainly 
mastered the alphabetic principle within the first half a year of instruction. Therefore, 
they were past the initial code learning phase right before the first measurement 
moment. The focus was already on word reading efficiency instead of accuracy. 
The connections between graphemes and phonemes may have resulted into 
orthographic representations, which may have provided children with orthographic 
knowledge instead of discrete phonological decoding strategies. In more opaque 
orthographies like English, children spend longer on learning the alphabetic 
principle and on becoming accurate in reading. They may take more advantage of 
practicing spelling for further reading development, therefore. 
Adjacent to that argument, in future research, it is valuable to study the early literacy 
development earlier and with more fine-grained time intervals. In the current study 
we have focused on development during formal early literacy instruction. We first 
assessed word decoding from the time that all letters had been taught (halfway 
Grade 1). Thereafter, three consecutive measurement moments followed each half-
year period (end Grade 1, halfway grade 2, end Grade 2). Because it is possible that 
children already have some word reading and spelling abilities before formal literacy 
instruction starts, taking kindergarten emergent skills of reading and (invented) 
spelling into consideration could have shed light on the interrelation during the 
earliest phases of development. The current study has some more limitations which 
might be addressed in future research. Firstly, some decisions could have limited the 
generalizability in terms of sample, method, and population. The current study may 
generalize only to Dutch children in the Netherlands, and we restricted to one type 
of reading and of spelling assessment, and all schools in the current study made use 
of the same, phonics based, Dutch literacy curriculum. Although an advantage of this 
design is that it contributes to the control and stability of the learning environment 
in all participants, additional research would be needed to establish whether the 
same relations hold in other orthographies and in other reading curricula (e.g., 
McGeown, Johnston, & Medford, 2012). Furthermore, we did not report word 
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reading accuracy separately from word reading speed in the current study. Instead, 
in our reading efficiency measure, both speed and accuracy is inherently taken into 
account. Although this efficiency measure of word reading seems most meaningful 
in the Dutch transparent orthography (Verhoeven & Van Leeuwe, 2009), it makes it 
more difficult to compare the outcomes of the current study to other studies on 
word reading development. Thirdly, it would be relevant to study other precursor 
measures like morphological awareness and verbal processing skills, and more 
specific, the detailed phonological input processing skills. Speech perception abilities 
have been assumed to be related to the development of phonological awareness 
skills, which, in turn, are related to both reading and spelling (e.g., Carroll et al., 2003; 
Janssen, Segers, McQueen, & Verhoeven, 2016). Lastly, for future research, individual 
differences in handwriting fluency and writing quality should be considered in the 
longitudinal model to learn more about their influences in literacy development (see 
e.g., Ahmed et al. 2014).
Some practical implications add to the theoretical implications of the current study. 
Firstly, kindergarten precursors of learning to read are also relevant precursors of 
learning to spell. These early markers of individual differences in both word reading 
and spelling can help teachers to optimally adapt to the children’s needs. Instead 
of waiting them to fail, Grade 1 teachers can immediately provide differentiated 
instruction to children at risk for later literacy problems. Secondly, our results 
show high stability of individual differences in both word reading and spelling 
development, which remain stable and more important than the cross-domain 
relations in the integrated model of word reading and spelling. These results confirm 
that both specific instruction and practising for spelling and specific instruction and 
practising for reading are important in primary education for balanced support 
of the total literacy development. Thirdly, our results show that word reading and 
spelling are related and that children apply their word reading knowledge to support 
their spelling development. The grapheme-to-phoneme connections are not only 
found to be more consistent, this direction is also more heavily trained than the 
phoneme-to-grapheme connections. The latter is obvious, because reading is done 
more than writing. However, additionally, the emphasis of early literacy instruction, 
at least in phonics based instruction in the Netherlands, is more on reading than 
on spelling. This one-sided emphasis enhances the asymmetry between spelling 
and reading development. Once in place, the asymmetry is suggested to be self-
perpetuating (Bosman & Van Orden, 1997). To strengthen the spelling development, 
emphasis should be on building stronger phoneme-grapheme connections. Both 
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domains of literacy instruction (i.e., both reading and spelling instruction) should 
be integrated and matched to each other to let children benefit from the newly 
learned knowledge across domains and to trigger and strengthen the bidirectional 
connections between phonemic, graphemic, and semantic knowledge. 
In conclusion, the current study showed that word reading, spelling, and their 
determinants are closely linked to each other, already during the early phases of 
literacy development. Our results show that word reading and spelling are related, 
and that word reading is supportive for the prediction of subsequent spelling 
development in Grade 2. Not considering writing development in literacy research 
and education is at the expense of complete understanding of literacy development. 
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Abstract
In the present study, we examined the early word decoding development of 73 
children at genetic risk of dyslexia and 73 matched controls. We conducted monthly 
curriculum embedded word decoding measures during the first five months 
of phonics-based reading instruction followed by standardized word decoding 
measures half-way and by the end of first grade. In kindergarten, vocabulary, 
phonological awareness, lexical retrieval, and verbal and visual short-term memory 
were assessed. The results showed that the children at risk were less skilled in 
phonemic awareness in kindergarten. During the first five months of reading 
instruction, children at risk were less efficient in word decoding and the discrepancy 
increased over the months. In subsequent months, the discrepancy prevailed for 
simple words but increased for more complex words. Phonemic awareness and 
lexical retrieval predicted the reading development in children at risk and controls 
to the same extent. It is concluded that children at risk are behind their typical peers 
in word decoding development starting from the very beginning. Furthermore, it is 
concluded that the disadvantage increased during phonics instruction, and that the 
same predictors underlie the development of word decoding in the two groups of 
children. 
Key words: genetic risk, early reading development, kindergarten precursors, phonics- 
based instruction, curriculum-embedded word decoding assessments
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Introduction
Mastering phonological recoding skills is assumed to be the first and most 
fundamental step in learning to read (e.g., Ehri, 2005; Share, 1995, 2004). After learning 
to phonologically recode in Grade 1, children incrementally proceed towards a more 
efficient and advanced way of orthographic processing during reading. Reading 
development can be predicted from kindergarten precursor measures (e.g., Kirby, 
Desrochers, Roth, & Lai, 2008; Landerl et al., 2013; Melby- Lervåg, Lyster, & Hulme, 
2012). Children at genetic risk for dyslexia already show problems in these precursor 
measures, prior to their later reading problems. Up till now, prospective heritability 
studies devoted attention to the precursors of learning to read, on the one hand, 
and manifestations of later persistent reading problems, on the other hand (e.g., 
Eklund, Torppa, Aro, Leppänen, & Lyytinen, 2015; Lyytinen et al., 2006; Moll et al., 2014; 
Van Bergen et al., 2011; Scarborough, 1989; Snowling & Melby-Lervag, 2016).However, 
the development of word decoding in children at risk for dyslexia in the early phase 
of phonics-based reading instruction has not yet been studied. Therefore, in the 
present longitudinal study, we focused on the incremental early word decoding 
development in Dutch children at risk for dyslexia during phonics-based reading 
instruction in first grade. 
There are several cognitive and linguistic characteristics, typically measured prior 
to formal reading instruction, that have been established as precursors of actual 
reading (e.g., Al Otaiba et al., 2011; Kirby et al., 2008; Landerl et al., 2013; Melby-Lervag 
et al., 2012; Moll et al., 2014; Nelson, Benner, & Gonzalez, 2003; Puolakanaho et al., 2007; 
McCardle, Scarborough, & Catts, 2001): visual and verbal short-term memory, lexical 
retrieval, phonemic awareness, letter-sound knowledge, and vocabulary skills. These 
characteristics are already developing prior to formal reading instruction. During the 
first year of systematic phonics-based reading instruction, children learn explicitly that 
written words consist of graphemes and that graphemes systematically correspond to 
phonemes. By blending these phonemes, children learn to accurately recode written 
words into their auditory counterparts (Coltheart, Rastle, Langdon, Perry, & Ziegler, 
2001). Via this sublexical route, children learn to phonologically recode simple words. 
After they have learned how to phonologically recode words, they incrementally 
proceed with learning to read orthographically complex words (Ehri, 2005, 2014; 
Verhoeven & Perfetti, 2011). As a consequence of ongoing reading experience, 
orthographic representations in the mental lexicon become better specified and 
redundant, which makes word reading more and more efficient (Perfetti, 1992, 2007). 
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Not all children learn to read effortlessly; there is large individual variation in reading 
performances among children. Children who experience difficulties in learning to 
read are likely to continue to experience reading problems throughout the years 
(e.g., Verhoeven & Van Leeuwe, 2008) and to develop dyslexia (Snowling & Melby-
Lervag, 2016). Several studies evidenced an elevated chance for dyslexia of 30-50% 
for children with parents or siblings with dyslexia, as compared to a prevalence of 
5-10% in the general population (Boets et al., 2010; Olson, Keenan, Byrne & Samuelson, 
2014). Children at genetic risk not only show poorer reading performances than 
children without known genetic risk; the ‘gap’ between the performances becomes 
larger over the school years (e.g., Van Bergen et al., 2011; but see Pfost, Hattie, Dorfler, 
& Artelt, 2013). It is assumed that this elevated prevalence is the result of genetic 
rather than environmental factors (e.g., Van Bergen et al., 2011; Swagerman et al., 
2015; See Pennington and Olson (2005) for a review on the genetics of dyslexia). 
Therefore, manifestations of dyslexia in parents or older siblings are typically used to 
uncover children at genetic risk for later reading problems (see for review Snowling 
& Melby-Lervag, 2016). 
Children at risk already show poorer performances on precursor measures like 
vocabulary, lexical retrieval, phonological awareness, and short term memory 
(e.g., Carroll, Mundy, & Cunningham, 2014; Dandache, Wouters, & Ghesquière, 2014; 
Moll, Loff, & Snowling, 2013; Snowling & Melby-Lervag, 2016; Van Bergen, De Jong, 
Maassen, & Van der Leij, 2014). Although these precursors have been established as 
good predictors of later reading development (e.g., Kirby et al., 2008; Landerl et al., 
2013; Melby- Lervåg et al., 2012), their relative contribution might differ throughout 
the phases of reading development (Al Otaiba & Fuchs, 2002; Nelson et al., 2003; Moll 
et al., 2014). Ziegler, Perry and Zorzi (2014) found that phonemic awareness deficits, 
as found in children with dyslexia, may have a negative effect on the development 
of stable orthographic representations during formal reading instruction. In line with 
this, Tilanus, Segers, and Verhoeven (2013) found that children with dyslexia were less 
able to profit from repeated word exposure. Therefore, they might be less efficient in 
both the initial sublexical processes of phonological recoding, and the later lexically 
driven processes of word decoding. 
So far, longitudinal reading studies in children at genetic risk have mostly focused on 
precursors, and on their relation to the reading development of children by the end 
of first grade and beyond. By that time, however, children have already mastered the 
basic principles of word decoding. Only very few studies have focused on the early 
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development during Grade 1 (see, for example, Snowling, Muter, & Carroll, 2007; Van 
Bergen et al., 2011). However, the large intervals being used in these few studies do 
not capture the children’s earliest developmental trajectory (as explained by Fuchs, 
Fuchs, & Compton, 2004 and by Oslund et al., 2015). The actual emergence of the 
reading problems of children at risk has thus not been extensively documented 
before, and the relation between the precursor measures and the early word 
decoding development in children at risk still remains unclear. 
It is clear that children at risk are disadvantaged in their reading development over 
the years. However, it is yet unknown how genetically based variation in word 
decoding development unfolds during the initial phases of learning to read in first 
grade, and how kindergarten precursors contribute to the early development of word 
decoding in children at risk as compared to controls. Therefore, it remains an open 
question how the information that is available before formal literacy development 
initiates (viz. family risk information and cognitive profile in kindergarten) might 
be used by educators for early identification and intervention of children with 
later reading problems. The present study aimed to document the development 
of early word decoding as a function of kindergarten precursors in first grade in 73 
Dutch children at risk for dyslexia and 73 controls. It is important to note that Dutch 
has a fairly transparent orthography (e.g., Seymour, Aro, & Erskine, 2003). During 
the first five months of formal reading instruction in Grade 1, children learn the 
grapheme-phoneme correspondences in five incremental steps along with word 
decoding exercises of simple words with a consonant-vowel-consonant structure. 
In the second half of the first year, words of greater orthographic complexity are 
introduced in explicit instruction, such as words with consonant clusters and 
polysyllabic words. 
In the present study, we assessed vocabulary, letter-sound knowledge, phonological 
awareness, lexical retrieval, and verbal and visual short-term memory in kindergarten. 
Incremental steps in word decoding efficiency were assessed by monthly curriculum-
embedded word decoding measures during the first five months of formal reading 
instruction in first grade, and standardized word decoding measures half-way and 
by the end of first grade. In the present study we aimed to answer the following 
research questions: 
1.  What are differences between children at genetic risk and controls in precursor 
measures and in the early phases of word decoding development? 
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2.  How are precursor measures related to the early development of word decoding 
in children at genetic risk as compared to controls?
We expected that children at risk would score lower than the control group on the 
precursor measures, in particular measures of phonemic awareness, lexical retrieval, 
and letter-sound knowledge. We further expected that differences between 
children at risk and controls in early word decoding development would already be 
established during the first five months of incremental word decoding development 
and that the differences would subsequently increase. In addition, we expected that 
the early development of word decoding skills would be stable over time for both 
children at risk and controls and that precursor measures would be related to word 
decoding development to a similar extent in children at risk. 
Method
Participants
The current subsample was composed out of a larger cohort of a longitudinal 
reading study among 1006 Dutch children in 37 primary schools (Schaars, Segers, 
& Verhoeven, 2017). For the current study, we included children at genetic risk for 
reading problems and a matched control group of children without known genetic 
risk (for readability purposes, in this article called children at risk versus controls). 
Children were considered at risk if at least one of two biological parents or a sibling 
was diagnosed with dyslexia. This information was provided by the school teams. 
Schools in the Netherlands ask this information to parents upon school entry of 
their child. We had a response rate of 95.2% percent on the questionnaire about 
family risk status in the larger cohort. From this group, 7.6% of the children turned 
out to have a parent or sibling with an official diagnoses of dyslexia. This resulted 
in a subsample of 73 children with a genetic risk indication distributed across 26 
schools, located in both rural and urban areas. This group was matched to an age- 
and gender-matched control group of 73 children without known genetic risk. To 
control for the interference of environmental influences, also school and classroom 
as well as home language and educational level of their main caregivers were taken 
into account in matching the children. 
At the start of the study, the mean age of the children in the at risk group was 6;2 
years (SD = 0;4, 47 boys and 26 girls). The control group consisted of 48 boys and 25 
girls with a mean age of 6;1 (SD = 0;4). Four children (two matched pairs) spoke Arabic 
or Kurdish at home; the other children in the subsample had Dutch as their home-
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language. School, class, educational level, and home language were considered 
on higher priority in matching the children than gender was. On this basis, gender 
was not properly matched in one child pair. There were no differences between the 
two groups on nonverbal logical reasoning, according to raw scores of the Raven 
Coloured Matrices assessment (Raven, 1958) by the end of Grade 1 (Matrisk = 27.28; SD 
= 4.05; Mcontrols = 28.06; SD = 4.12; t(141) = 1.14, p = .25). The Raven scores were similar 
to the scores in our larger cohort (Mgeneralcohort= 27.65). The mean educational level 
of their main caregivers was similar in both groups and comparable to the Dutch 
population (Centraal Bureau voor de Statistiek [Statistics Netherlands], 2013) and to 
our larger cohort (Msubsample = 2.84; Mgeneralcohort = 2.68 on a categorical scale ranging 
from 0 (low educated) to 4 (high educated)).
Measures
Curriculum embedded word decoding. 
The monthly measurements that were assessed during the first five months of first 
grade, were embedded in the systematic phonics-based reading curriculum that 
was used by all participating schools. After each curriculum based training block 
of three to four weeks, word decoding mastery level up until then was measured 
by embedded assessment cards Veilig en Vlot (“Safe and Smooth”; Mommers et al., 
2003). Since the assessment cards were specifically designed to measure the short-
term attainment of recently taught skills, the consecutive measurements were not 
equivalent but instead developed along with the content of the curriculum (see also 
Oslund et al., 2015 for further explanation of curriculum embedded measurement). 
The words on the assessment cards were composed of the graphemes and structures 
that the children had trained on during the previous blocks. The used words in the 
first six blocks were all CVC (and CV and VC)-structured one-syllable words with 
consistent mappings between graphemes and phonemes. The children were asked 
to read out aloud the words as accurately and quickly as possible for 1 minute. The 
number of accurately read words in one minute was the word decoding efficiency 
score. 
Standardized word decoding. 
The tasks to measure absolute word decoding skills at two time points during 
Grade 1 (halfway and in the end of the first grade) were standardized and scores 
were comparable over time. The standardized word decoding task comprised two 
reading cards of the Drie-minutentoets (‘Three minute test’; Krom, Jongen, Verhelst, 
Kamphuis, & Kleintjes, 2010). The first card contained simple and transparent CVC (and 
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CV and VC) -structured one syllable words. The one-syllable words on the second 
card contained at least one consonant cluster (-CC and CC-), and were therefore 
considered more complex and advanced. In addition, more complex orthographic 
structures were used in some words on the second card. For example the rule of 
devoicing -d in the end position of a word (viz. dak is pronounced as [d-a-k], but pad 
is pronounced as [p-a-t]). For both reading cards, the child was asked to read out 
aloud the words as accurate and quickly as possible for 1 minute. For each card, the 
number of accurately read words in one minute was the word decoding efficiency 
score.
A combination score of the two cards was reported reliable, with a Cronbach’s α of 
.96 (Krom et al., 2010) and can be reliably used as an indicator of standardized word 
decoding efficiency in Grade 1.
Precursor measures.
The precursor measures comprised seven tasks on cognitive and linguistic abilities 
that were administered by the end of kindergarten. The tasks were specifically 
designed for the purpose of the longitudinal study (Schaars, Segers, & Verhoeven, 
2017). To get insight into the psychometrical quality of the kindergarten test, the 
Cronbach’s α of each task was normed on the representative larger cohort of 1006 
children. In addition, the variance from the mean and the deviation of the scores 
between student’s provided good distributions for sensible analyses of the individual 
variations among the children. No floor or ceiling levels for the tasks nor for the 
individual items were reached. Items within the tasks were considered coherent and 
item difficulty reached acceptable levels.
Phoneme Isolation. To measure phonemic awareness, the child was asked to sound 
out the first phoneme of 10 orally presented monosyllabic CVC-structured words 
(e.g., muis, soep; [mouse, soup]). The score on this task was the amount of correct 
responses, with a maximum score of 10. Reliability of the task was good (Cronbach’s 
α = .83).
Phoneme Segmentation. To measure phoneme segmentation skills, the child 
was asked to serially pronounce each single speech sound of an orally presented 
monosyllabic and highly consistent word. There were 10 words in this task with 
increasing difficulty, starting with CVC-structured words followed by CCVC- or CVCC-
structured words and CCCVC- or CVCCC-structured words. The score on this task was 
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the amount of correct responses, with a maximum score of 10. The reliability of the 
task was good (Cronbach’s α = .85).
Letter-Sound Knowledge. To assess emergent literacy skills, we asked the child to 
sound out 34 graphemes used in Dutch. In this task only the grapheme sound was 
considered correct; naming the grapheme’s name was incorrect. It is common to 
measure letter-sound knowledge in the Netherlands, because in the Netherlands 
children usually start with learning the speech sounds of graphemes before they 
learn the letter names (see also Melby-Lervag et al., 2012). If a child named the 
grapheme’s name, a second chance was offered once. The test assistant replied with: 
‘Yes, that is the name of the letter. But do you know the sound of the letter?’. If the 
child could correctly reply to that second question, the item was counted as correct. 
Reliability of the task was excellent (Cronbach’s α = .93).
Lexical Retrieval. To measure the speed of lexical retrieval of visually presented 
objects, the child was asked to name pictures from a card with repeated rendering of 
five pictures. The five pictures corresponded with one-syllable high frequent Dutch 
words (viz., saw, pot, thumb, trousers, tent). The child was asked to name the pictures 
as accurate and quickly as possible during one minute. The amount of correct 
named pictures was the lexical retrieval score. Reliability of the task was excellent 
(Cronbach’s α = .95).
Verbal Short-Term Memory. To assess verbal short-term memory, we asked the 
children to repeat 20 orally presented pseudowords with increasing complexity and 
number of syllables (increasing from 1 to 4 syllables). All phonemes and entire syllables 
in a word had to be repeated correctly. Repetitions containing stress differences or 
substitutions due to certain articulation errors in individuals were counted as correct. 
The reliability of the task was good (Cronbach’s α = .77).
Visual Short-Term Memory. To assess visual short term memory, we asked the 
children to remember and rebuild the order of a series of visual figures (viz., fish, 
cow, ship, chicken, sock) that was presented shortly by the test assistant. The amount 
of visual figures in a series increased from two to five figures to remember. The 
entire series had to be remembered to be considered correct. In total 15 series were 
offered. This task followed the task design of the “Visual Memory Span: Concrete Figure 
Sequences” sub task of the RAKIT-test kit (Pieters, Dek & Kooij, 2013). The reliability of 
the Visual Short-Term Memory task was good (Cronbach’s α = .77).
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Active Vocabulary. The Active vocabulary task was based on the Vocabulary task 
in the Taaltoets Allochtone Kinderen (“Language test Ehtnic Minority Children”; TAK; 
Verhoeven & Vermeer, 1986). A total of 29 words was assessed. The reliability was 
good (Cronbach’s α = .83).
Precursor measures, except for the letter-sound knowledge, phoneme isolation, and 
the lexical retrieval task, contained a cut off score to avoid further frustration if the 
performance level of a child was reached.
Procedure 
We assessed baseline precursors by the end of kindergarten, so before formal 
reading instruction started in Grade 1. The precursor measures were administered by 
the first author and eight trained test assistants with Bachelor or Master degrees in 
Educational Science, Psychology or Linguistics. The test assistants were extensively 
trained on judging the tasks in practice sessions prior to any data collection, and 
until agreement was reached among the first author and the eight test assistants. 
The test assistants were not aware of any child back ground information including 
risk status at the moment of the assessment. All tasks were administered individually 
in a quiet room at school during regular school hours.
In Grade 1, the word decoding instruction was provided in general classroom setting 
following the normal reading curriculum. All participating schools made use of the 
same systematic incremental phonics-reading curriculum, called Veilig Leren Lezen 
(“Learning to Read Safely”; Mommers et al., 2003). This curriculum comprises ten 
successive instruction blocks of three to four weeks. The first six instruction blocks 
are characterized by a systematic incremental offering of grapheme-phoneme 
correspondences during which children incrementally learn to read simple CVC-
structured one-syllable words. After the first six instruction blocks, 34 graphemes are 
covered by the reading instruction in classroom (i.e., all graphemes used in Dutch 
except from c, q, y, x). Thereafter, four more instruction blocks follow. During these 
following instruction blocks, explicit instruction focuses on complex internal word 
structures. Consequently, children incrementally learn to read words with consonant 
clusters (CC- and -CC), polysyllabic words and words with morphological units. They 
also learn specific rules, for example that the pronunciation of a grapheme in a word 
is sometimes defined by the cluster to which it belongs or by its position within a 
word (e.g., in Dutch sch- and –eeuw). The instruction method consists of extensive 
manuals and schedules and the lessons and materials are well defined to ensure 
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consistency in education between schools. 
To capture each incremental step that the children made during the first five months 
of reading instruction, the children’s ability to decode words was assessed after 
each training block of three-to-four weeks. Assessments were conducted using 
curriculum embedded word decoding tasks of 1 minute, assessed by certified and 
well instructed classroom teachers of the participating schools (mostly the daily 
teachers of the children). This is part of their normal education pursuits and the 
curriculum embedded task was designed for assessment by classroom teachers. 
Standardized word decoding tasks were administered after explicit instruction 
of phonological recoding skills (halfway Grade 1) and after explicit instruction of 
complex word decoding (at the end of Grade 1). Since we intended to measure 
the decoding level of both simple structured words and more complex structured 
words, both reading cards (respectively, simple one-syllable words and complex 
one-syllable words) were assessed individually at both time points. 
Analytic Approach
Data were evaluated on missing data patterns and distributional characteristics 
before analyses. To give answer to the first research question, t-tests for independent 
measures and two Repeated Measures ANOVA’s were conducted with Time as the 
within subject factor and Group as the between subject factor. Interactions were 
further explored using one-way ANOVA’s and independent samples t-tests (two-
sided). Non-parametric approaches were used to check the outcomes of the analyses 
with curriculum embedded incremental word decoding. To answer the second 
research question, LISREL group comparison models were used. The fit of the group 
model was evaluated using chi-square statistics (χ2). The Root Mean Square Error 
of Approximation (RMSEA) and the relative chi-square (χ2rel), calculated as the ratio 
of the chi-square with the degrees of freedom, were also evaluated. As a guideline 
for accepting the model, the RMSEA cut-off criterion was set at < .06 (Hu & Bentler, 
1999; Tabachnik & Fidell, 2014), and the relative chi-square should be lower than 3 
(Carmines & McIver, 1981). 
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Results
The data were missing for 2.26% of the values. Less than 1.5% of the values were 
missing in the curriculum embedded word decoding measurements, while 9.9% 
of the values were missing in the standardized word decoding measurements. No 
data were missing in the kindergarten cognitive and linguistic measurements. The 
missing values were mostly due to incidental absence of individual children, due 
to illness during a measurement moment in Grade 1. For 6 individuals (3 matched 
pairs), no data were collected on the standardized test halfway Grade 1, because the 
participating school was not able to collect the measurements in time. In the current 
sample, no children were excluded from analyses due to longer lasting illness or 
movement to other schools.
To prevent from unnecessary relevant data loss, missing values were estimated by 
the Expectation Maximalization Method of SPSS (EM; IBM SPSS 23). The dataset was 
suitable for this method, since the missing pattern was considered at random (Little’s 
MCAR test for the curriculum embedded measurements: χ2(20) = 19.87, p = .47 and 
Little’s MCAR test for the standardized measurements: χ2(11) = 15.97, p = .14).
Prior to analysis, the variables were examined for relevant assumptions separately 
for the 73 children at risk and the 73 controls. The assumption of sphericity was 
violated (Mauchly’s test χ² (14) = 380.53, p < .001) in both groups for the curriculum 
embedded word decoding tasks. Therefore, Greenhouse Geiser was reported (ε = .43) 
in the repeated measures analysis. The residuals of the data for the curriculum 
embedded word decoding variables were not normally distributed for both groups. 
Overall, F tests are robust to deviations from normality (see Lindman, 1974), so we 
first conducted classic Analyses of Variance (ANOVA). We checked the main effects 
of Time and of Group of the curriculum embedded variables with non-parametric 
Mann-Whitney tests and a Wilcoxon Signed Rank test. Non-parametric methods are 
not particularly suitable for testing interaction effects in repeated measures designs, 
however. To approach the interaction analysis that was conducted in the classic 
(parametric) Repeated Measures ANOVA , we analyzed the Group * Time interaction 
effect by analyzing the total difference score from WDc1 to WDc6 in one step in the 
non-parametric Mann Whitney analysis.
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Differences in kindergarten precursors
The first research question first concerned differences between children at risk and 
controls on the kindergarten precursor measures. Table 1 presents the means and 
standard deviations of Phoneme isolation, Phoneme segmentation, Letter-sound 
knowledge, Lexical retrieval, Vocabulary, and Verbal and Visual short-term memory 
per group. Independent sample t-tests (two-sided) showed that the groups differed 
significantly on Phoneme isolation (equal variances not assumed), t(115.23) = 2.10, p = 
.04, d = .3 and on Phoneme segmentation (equal variances assumed) t(144) = 2.11, p 
= .04, d = .35, with medium effect sizes. There were no significant differences on the 
other precursors measures between the groups, as can be seen in Table 1. 
Table 1
Means, Standard Deviations, and Independent Sample T-tests of the Kindergarten Precursors
Measurement M(SD) min-max Mdifference
df (equal 
variances   
 assumed/ 
 not assumed)
t p Cohen’s d
Phoneme isolation
                    Control 8.78 (1.37) 3-10 0.67 115.23 2.10 .04 .39
                    At risk 8.11 (2.37) 0-10
Phoneme segmentation
                    Control 4.81 (2.47) 0-10 0.84 144 2.11 .04 .35
                    At risk 3.97 (2.32) 0-9
Letter-sound knowledge
                    Control 18.92 (6.64) 5-32 2.05 144 1.72 .09 .29
                    At risk 16.86 (7.75) 2-31
Lexical retrieval
                    Control 41.26 (8.51) 18-66 1.92 144 1.42 .16 .24
                    At risk 39.34 (7.81) 22-61
STM verbal
                    Control 15.79 (2.33) 10-20 0.55 138.43 1.27 .21 .22
                    At risk 15.25 (2.85)  8-20
STM visual
                    Control 8.12 (3.02) 0-13 0.03 144 -0.05 .96 .01
                    At risk 8.15 (2.99) 1-14
Active vocabulary
                    Control 14.70 (4.19) 2-23 0.04 144 -0.07 .95 .01
                    At risk 14.74 (3.48) 6-23     
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Table 2
Mean Word Decoding Efficiency (Correct per Minute), Standard Deviations and Independent 
Sample T-tests for Each Repeated Measurement of the Curriculum Embedded Tasks and the 
Standardized Tasks for Word Decoding
Measurement M(SD) min-max Mdifference
df (equal 
variances 
assumed)
t p Cohen’s d
WDc1
                    Control 18.50 (9.89) 4-64.44 2.91 144 1.61 .11 .27
                    At risk 15.58 (11.83) 1-85.71
WDc2
                    Control 21.59 (10.04) 6-70.59 3.81 144 2.11 .04 .35
                    At risk 17.78 (11.69) 1-78.62
WDc3
                    Control 22.49 (13.08) 5-82.76 3.89 144 1.68 .09 .28
                    At risk 18.59 (14.79) 1-114
WDc4
                    Control 26.12 (13.55) 10-80 4.82 144 2.08 .04 .36
                    At risk 21.30 (14.43) 6-96
WDc5
                    Control 27.87 (14.77) 8-73.13 6.12 144 2.39 .02 .40
                    At risk 21.76 (16.10) 4-92.31
WDc6
                    Control 34.89 (18.48) 7-81.43 8.10 144 2.57 .01 .43
                    At risk 26.79 (19.56) 8-108.57
WDs Halfway CVC
                    Control 34.46 (15.01) 9-71 7.65 144 3.13 .002 .52
                    At risk 26.81 (14.48) 11-87
WDs Halfway CCVC
                    Control 15.70 (8.130) 3-42 3.04 144 2.05 .04 .34
                    At risk 12.66 (9.71) 1-57
WDs End CVC
                    Control 49.11 (17.81) 14-87 9.54 144 3.00 .003 .50
                    At risk 39.56 (20.55) 11-109
WDs End CCVC
                    Control 35.16 (17.03) 6-78 9.32 144 3.27 .001 .54
                    At risk 25.84 (17.43) 3-91
Note. WDc = curriculum embedded word decoding task; WDs = standardized word decoding 
task; CVC and CCVC resp. indicate CVC/CV/VC-structured task or task with words containing at 
least one consonant cluster.
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Differences in Incremental Word Decoding Development
Table 2 shows the mean word decoding efficiency (correct per minute) and the 
standard deviations for each repeated measurement of the curriculum-embedded 
word decoding tasks, and for the standardized word decoding tasks. The mean scores 
on the curriculum embedded word decoding efficiency per group are presented 
graphically in Figure 1. 
To answer the research question concerning the differences in incremental word 
decoding development, the curriculum embedded word decoding measurements 
were analyzed in a repeated measures design. Repeated measures ANOVA with Time 
(WDc1-WDc6) as within-subjects factor and Group (At risk, Controls) as between 
subject factor revealed a Group*Time interaction, F(2.12,305.66) = 3.14, p = .042, ηp
2 = 
.02. This indicated that there was a (small) effect of genetic risk 
factor on incremental word decoding development with simple CVC-structured 
words during the first months of formal education, which can also be seen in the 
slightly divergent developing lines in Figure 1. A main effect of Time, F (2.12, 305.66) 
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= 82.63, p < .001, ηp
2 = .37 and a main effect of Group was found, F (1, 144) = 5.24, p 
= .024, ηp
2 = .04. Post hoc independent comparisons on all measurement moments 
showed group differences, except for WDc1 and WDc3, with the at-risk group scoring 
below the control group (as can be seen in Table 2).
Non-parametric tests were conducted to check the results in the classic analyses 
procedures as described above. First, a one-step Mann Whitney analysis with 
difference scores from WDc1 to WDc6 was used to check the found interaction of 
Group and Time. In line with the previous finding, we found a significant difference 
between the groups in word decoding development over time (U = 1974.00, Z = 
-2.70, p = .007). Next, a Wilcoxon signed Rank test showed that there was a significant 
difference between WDc1 and WDc6, indicating an overall effect of Time (Z = 
-9.72, p <.001). A Mann-Whitney analysis on the overall average of the consecutive 
measurement moments per group, revealed again a significant main effect of Group, 
with lower scores for the at-risk group (U = 1792.00, Z = -3.42, p = .001). To check the 
results of the post hoc independent comparisons, we conducted a Mann-Whitney 
analysis on the six consecutive measurement moments (see Table 3). This analysis 
revealed significant differences in word decoding efficiency between the groups 
for all measurement moments. This was somewhat different from the results in the 
classic post hoc independent analyses, since no significant difference was found 
in WDc1 and WDc3 in that approach. Overall, non-parametric analyses showed an 
interaction effect, and a main effect of Group and Time, confirming our findings in 
the classic analyses. 
Table 3 
Non Parametric (Mann-Whitney U) Test for Post-Hoc Independent Comparisons of the 
Incremental Word Decoding Development
WDc1 WDc2 WDc3 WDc4 WDc5 WDc6
Mann-Whitney U 1927.500 1860.500 1960.000 1895.000 1753.500 1802.000
Z -2.889 -3.151 -2.760 -3.014 -3.568 -3.377
p .004 .002 .006 .003 <.001 .001
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Differences in Standardized Word decoding Development 
We conducted an overall Repeated Measures ANOVA with Complexity (CVC, CCVC) 
and Time (Halfway Grade 1, End Grade 1) as within-subjects factors and Group (At 
risk, Controls) as between subject factor to analyze the standardized word decoding 
efficiency of simple and advanced word decoding halfway Grade 1 and end Grade 
1. An overall Group*Time*Complexity interaction, F (1, 144) = 7.91, p = .006, ηp
2 = 
.05, indicated that the groups differed in their overall development over time, that 
the groups differed on their overall scores on reading the two word complexities, 
and that the groups overall increased in word decoding efficiency over time. The 
analyses further revealed a Group*Time interaction, F (1, 144) = 6.05, p = .015, ηp
2 = 
.04, as well as a Group*Complexity interaction, F (1, 144) = 6.13, p = .014, ηp
2 = .04, and 
a Time*Complexity interaction F (1, 144) = 11.32, p = .001, ηp
2 = .073. Main effects of 
complexity, F (1, 144) = 964.118, p < .001, ηp
2 = .87, Time, F (1, 144) = 325.99, p < .001, ηp
2 
= .69, and of Group F (1, 144) = 9.88, p = .002, ηp
2 = .06 were found. 
We further discuss the results of both Word decoding complexities separately to 
find out what the exact differences between the groups were on both complexities. 
First, a Repeated Measures ANOVA for the simple structured CVC-words showed a 
main effect of Time, F (1, 144) = 263.10, p < .001, ηp
2 = .65 and a main effect of Group 
F (1, 144) = 10.07, p = .002, ηp
2 = .07. No Group*Time interaction was found, F (1, 144) 
= 1.26, p = .26, ηp
2 = .01. This means that the standardized efficiency scores of both 
groups increased similarly over time, but that the children at risk showed lower 
overall performance levels than controls. 
Next, for the word decoding task containing consonant clusters (CCVC) there was 
a Group*Time interaction, F (1, 144) = 10.14, p = .002, ηp
2 = .07, as well as a main 
effect of Time, F (1, 144) = 273.9, p < .001, ηp
2 = .66 and a main effect of Group F (1, 
144) = 9.11, p = .003, ηp
2 = .06. Post hoc independent comparisons showed lower 
performance levels for children at risk on both measurement moments, respectively 
(equal variances assumed) t (144) = 2.05, p = .042, d = .34; t (144) = 3.27, p = .001, d 
= .54. The interaction can be explained by children at risk showing less progress 
than controls (independent groups comparison of difference scores (equal variances 
assumed), t (144) = 3.19, p = .002, d = .53).
Mean scores per group on word decoding efficiency with both word complexities 
are presented graphically in Figure 2.
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Figure 2. Mean scores on word decoding efficiency with different word complexities per group. 
Precursors of Word Decoding Development
To answer the second research question, we used Multiple-group comparison models 
in LISREL (Jöreskog & Sörbom, 1996). These models are powerful ways to testing 
hypotheses about potential differences between groups (Little, 2013). We tested the 
path model from relevant cognitive skills (Phonemic awareness and Lexical retrieval) 
to emergent literacy (Letter-sound knowledge) to word decoding at the start, 
halfway and in the end of Grade 1 (see Figure 3). The word decoding measure at the 
Start of Grade 1 is constructed of only the first curriculum-embedded word decoding 
measurement (WDc1). Word decoding Halfway Grade 1 is constructed with PAF 
promax factor analysis, containing both the simple standardized word decoding task 
and the task containing consonant clusters. The word decoding measure in the End 
of Grade 1 is constructed with PAF promax factor analysis containing both the simple 
word decoding task and the word decoding task containing consonant clusters that 
had been conducted in the end of Grade 1. Standardized coefficients of the model 
are presented in Figure 3. The model shows a strong relation of lexical retrieval, 
phoneme isolation, and phoneme segmentation to the measure of emergent 
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literacy by the end of kindergarten (represented by the letter-sound knowledge). A 
high predictive power of these kindergarten precursor measures is given through by 
the emergent literacy measure (.50) to the word decoding performances at the start 
of Grade 1 (WDc1), with an additional and independent direct contribution of lexical 
retrieval to word decoding. The coefficients from one word decoding measurement 
to the other (from the start to halfway, and from halfway to the end of Grade 1) are 
within-construct prediction coefficients, and therefore, they can be interpreted as 
stability coefficients of the longitudinally measured word decoding development 
(auto regression). The model shows high stability of word decoding in Grade 1. The 
model turned out to fit the data on both groups very well (χ2(35, n=146) = 39.82, p < 
.26, RMSEA = .044). This multiple group analysis showed that the contributions to the 
χ2 were equal for both groups. The group of children without known risk contributed 
48.23% to the χ2 of the conceptual model. The group of children at risk contributed 
51.77% to the χ2. 
Figure 3. Structural equation multiple group comparison model of early word decoding 
development. Numbers represent the standardized coefficients. End K = End of Kindergarten. 
Followed by Start, Halfway and End of Grade 1.
Discussion
The purpose of the current longitudinal study was to examine the early word 
decoding development of children with and without known genetic risk at micro 
level, from kindergarten to the end of Grade 1. Children at risk were less skilled 
than controls in phonemic awareness in kindergarten. No differences were found 
for letter-sound knowledge, lexical retrieval, short-term memory, and vocabulary. 
Furthermore, the results during the first months of learning to read showed that 
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word decoding efficiency of the children at risk lagged behind that of the control 
group, with the at-risk group showing slower progression. After the explicit 
instruction of phonological recoding was finished, the discrepancy between the 
groups remained stable for simple word decoding. During the following months, 
decoding efficiency of more advanced words (containing consonant clusters and 
orthographic complexities) consistently differed between groups. Although both 
groups increased their advanced word decoding skills, the control group developed 
faster than the group at risk. Finally, it was found that for both groups to the same 
extent, phonemic awareness and lexical retrieval predicted emergent literacy in 
kindergarten, which was highly predictive for the early word decoding development 
during phonics-based instruction in Grade 1. 
With respect to our research question about differences in precursor measures, 
the results showed that children at risk had less skilled phonemic awareness 
than controls in kindergarten. This early delay in phonemic awareness has been 
evidenced previously (e.g., Snowling, Gallaghar, & Frith, 2003; Snowling & Melby-
Lervag, 2016), and can be argued to show early delays in sublexical processing. 
This finding is in line with the phonological deficit hypothesis for children with 
dyslexia (Dehaene, 2009, but see Castles & Friedmann, 2014). No differences were 
found in the performances on lexical retrieval, suggesting that reading might not be 
hampered by early problems in lexical processing. Furthermore, children at risk did 
not differ on letter-sound knowledge, vocabulary, and short-term memory skills. This 
was somewhat surprising compared to findings in general genetic risk literature (see 
the meta-analysis and review of Snowling & Melby-Lervag, 2016). However, there are 
other risk studies describing no differences between at risk and control groups in for 
example letter-sound knowledge (Blomert & Willems, 2010; Carroll & Snowling, 2004). 
This finding may be partly explained by a shifting trend in education. Education in 
kindergarten tends to give more attention to the development of cognitive and 
linguistic characteristics in recent years. It might be possible that children who did not 
playfully catch up skills like letter-sound knowledge and vocabulary in kindergarten 
received extra explicit help and attention from kindergarten teachers or parents. In 
line with that, questionnaires in the study of Gallagher, Frith, and Snowling (2000) 
even showed that parents of children at risk are more aware of the risk status and 
tend to spend more time on practicing letters as compared to parents of controls. 
Such additional practicing in kindergarten may have caused decreasing individual 
variation in the precursor measures. 
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Results on the early word decoding development showed that children at risk 
already lagged behind in word decoding efficiency during incremental phonological 
recoding instruction, as compared to the controls. This finding confirms the 
discrepancy that has been found in genetic risk studies that focused on later phases 
of reading development. The current study shows that the previously evidenced 
discrepancy already emerges from the very beginning of learning to read. Although 
emerging, group differences seem small during the first three months, indicating 
that children at risk might keep pace with typical readers as long as reading is not too 
demanding yet. However, overall differences in progression rate were found during 
the first months. After the explicit instruction of phonological recoding was finished, 
we found that the discrepancy between groups stabilized for simple word decoding 
measures. Both groups showed ongoing efficiency gains over time, indicating that 
both groups kept developing their simple reading skills with similar progression. 
Results on the advanced word decoding development showed that both groups 
increased their advanced word decoding over time. The decoding efficiency 
scores differed consistently between groups, with controls developing faster than 
children at risk. The finding that children at risk systematically lag in word decoding 
efficiency is in line with our expectations and in accordance with results reported 
by e.g., Dandache et al. (2014) and Pennington and Lefly (2001). Both groups were 
more efficient in simple as compared to advanced word decoding tasks. This finding 
elaborates on the findings in children with dyslexia (e.g., Tilanus et al., 2013). The results 
show a notable difference between the simple word decoding development and 
the more advanced word decoding development. These different developmental 
paths clearly indicate that at risk children’s development differs slightly from the 
control children from early on (during simple word decoding instruction), while the 
difference is clearly demonstrated and growing larger once more complex words 
need to be processed. This sensitivity to increasing task demands has, although in 
different conditions, previously been described by Van der Leij and Van Daal (1999).
Regarding our second research question, we showed that the separated phases as 
described above were all highly related and could be embedded in one path model. 
Kindergarten phonemic awareness and lexical retrieval predicted the emergent 
literacy in kindergarten, which was highly predictive for the early word decoding 
development during phonics-based instruction in Grade 1. These findings are in 
line with the literature on predictors of reading development (e.g., Moll et al., 2014; 
Verhoeven, Van Leeuwe, Irausquin, & Segers, 2016). Early word decoding during the 
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first weeks of formal phonics-based reading instruction was found to be highly 
predictive for later development of word decoding efficiency during Grade 1. The 
path model from precursors to word decoding is similar for both groups, showing 
that although word decoding development in both the initial and more advanced 
phases of word decoding differed between the groups, the groups do not differ 
in the predictability of one phase by another. Furthermore, it indicates that the 
predictive power of precursors of word decoding development is similar to both 
children at risk and typical developing readers. These findings are in line with our 
hypotheses. 
The study shows that genetic risk indication should be used to identify children who 
should be carefully monitored during the initial reading process, so that right from 
the beginning, each child receives the optimal (additional) instruction. Of course, it 
should be acknowledged that although genetic risk factors might be useful in early 
identification of children at risk for reading problems, risk status cannot be used 
exclusively to diagnose children with dyslexia. Although children at risk have been 
found to be poorer readers as compared to controls (Van Bergen et al., 2011), not all 
children at risk do become dyslexic readers (see also Bishop, 2015). Furthermore, in 
the current study we selected families at risk based on a previously issued official 
dyslexia diagnoses The diagnosis system in the Netherlands is highly protocolled. 
Nevertheless, we recommend selection based on and controlled for actual word 
decoding measurements in parents and siblings in future research, to reduce 
noise in the sampling. Given these limitations, the present study makes it clear 
that children with genetic risk show to be less efficient in phonological awareness 
and word decoding efficiency from the very beginning of phonics instruction and 
that the differences in word decoding tend to increase in the course of the grade. 
Accordingly, the current study provides insight into the genetically based variation 
in early word decoding development, and in how genetic disadvantages unfold 
during the initial phases of learning to read in first grade. The current study provides 
prospective insights in the early identification of children at risk for later reading 
problems. It would be interesting to follow up on this prospective study by providing 
retrospective data on the early reading development of children who actually will be 
diagnosed with dyslexia.
The finding that from the very beginning of learning to read children at risk perform 
poorer than controls despite systematic and high quality reading education, 
suggests that it could be difficult to prevent them from experiencing disadvantages 
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in reading (Van der Leij et al., 2013). In addition, it might not be easy to remediate 
reading difficulties by didactical and remedial efforts (e.g., Dandache et al., 2014). 
The findings underscore the persistence of dyslexia and provide further support for 
the suggestion that the nature of dyslexia lies in cognitive and biological factors. To 
put everything in the right perspective though, it should be mentioned that both 
groups continue to develop their reading skills over time. This progression shows 
their learning potential and emphasizes the urge for good education and guidance 
of children at risk. 
The current study has several educational implications. First, results show that children 
at risk for later reading problems should be screened early. Second, curriculum 
embedded measurement is a sensitive and efficient method to identify individual 
differences in beginning first grade reading development. Furthermore, explicit 
instruction and extra attention for children at risk needs to be provided from the 
very beginning. Finally, it is important to continue explicit instruction and practicing 
beyond the first months of explicit instruction, since children at risk are developing 
significantly slower as soon as word decoding becomes more demanding. In other 
words, practitioners should be alert on the fact that children at risk are more sensitive 
to increasing reading complexity as compared to controls. 
The current study disentangled the early phonics-based word decoding development 
in children at risk for dyslexia. The development from precursors to emergent literacy 
to early word decoding was studied during the year in which children learn to read. 
Children at risk showed less efficient phonemic awareness skills in kindergarten, 
and from the very beginning of reading instruction, the control group performed 
increasingly better than the children at risk on both simple and more advanced 
word decoding. The development of word decoding abilities showed great stability 
over time with phonological awareness in kindergarten as the strongest predictor 
measure. 
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Abstract
The present large-scaled longitudinal prediction study examined cognitive and 
linguistic precursors of early word decoding and reading comprehension from 
kindergarten to Grade 3 in 613 first language (L1) and 109 second language (L2) 
learners of Dutch. L1 learners outperformed L2 learners on reading comprehension, 
and on kindergarten vocabulary, rapid naming (RAN), and phoneme segmentation. 
No differences were found on word decoding across the grades, kindergarten 
grapheme knowledge, phoneme isolation, or short term memory (STM). Despite 
L2 learners’ delay in reading comprehension and language-related precursors, the 
developmental paths and structural relations of L2 learners were highly similar to 
those of L1 learners. For both groups, RAN, grapheme knowledge and STM predicted 
word decoding development. Word decoding, phonemic awareness, vocabulary, 
and STM predicted reading comprehension. There were strong autoregressive effects 
of both word decoding and reading comprehension. In kindergarten, L2 learners 
showed delays in RAN, phonological awareness, and vocabulary. These measures 
were all indicative of future reading.
Key words: word decoding; reading comprehension; kindergarten measures; first 
and second language learners
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Introduction
Decoding and comprehending written text are two core abilities in literate societies 
which have been shown to be highly related (e.g., Garcia & Cain, 2014; Gough & 
Tunmer, 1986). Word decoding is the conversion of orthographic into phonetic code, 
and reading comprehension is the understanding of the message that has been 
read. Children nowadays often learn to read in a second language (Durgunoğlu & 
Verhoeven, 2013). Most of these children are sequential bilinguals, who start to acquire 
their second language (L2) in preschool or kindergarten. Research has indicated that 
the development of word decoding skills is highly comparable for second language 
(henceforth L2) and first language (henceforth L1) learners across orthographies 
(Geva, Yaghoub-Zadeh, & Schuster, 2000; Lesaux & Siegel, 2003; Lipka & Siegel, 2012; 
Mancilla-Martinez & Lesaux, 2010; Melby-Lervag & Lervag, 2014; Raudszus, Segers, & 
Verhoeven, 2018). However, L2 learners often lag behind in reading comprehension 
(English as L1; Babayiğit, 2014; Farnia & Geva, 2013; Melby-Lervag & Lervag, 2014). 
Prior to reading development, children start to develop cognitive and linguistic 
precursor skills. Cognitive skills are the mental actions or processes of acquiring 
knowledge and understanding through thought and experience, such as lexical 
retrieval and short-term memory. Linguistic skills concern language related skills 
such as phonological awareness, letter knowledge, and vocabulary. These cognitive 
and linguistic skills have been found to strongly impact the reading development 
in both L1 and L2 learners during the first years in primary school (Caravolas, Lervåg, 
Defior, Málková, & Hulme, 2013; Farnia & Geva, 2013). Nonetheless, comparative 
longitudinal studies on L1 and L2 reading have not taken into account initial 
differences in cognitive and linguistic abilities before formal reading instruction, 
whereas these initial differences may very well explain the later differences in reading 
comprehension (Adlof, Catts, & Lee, 2010). 
The interrelations between early word decoding and early reading comprehension 
have not comprehensively been studied from a developmental perspective (but see 
Verhoeven & van Leeuwe, 2008). As a consequence, the early parallel development 
and the reciprocal relationships during early development have not yet been studied. 
It is still unclear to what extent the development of L1 and L2 word decoding and 
reading comprehension during the early primary grades can be explained from 
children’s cognitive and linguistic skills measured before formal reading instruction. 
In the present study, therefore, we examined reading development in children 
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learning to read Dutch as L1 and L2 in Grades 1 to 3, and related their development 
to their cognitive and linguistic skills in kindergarten. 
Development of word decoding and reading comprehension
Learning to read involves the development of word decoding and reading 
comprehension skills (Ehri, 2005). Children start with learning how graphemes 
systematically correspond to phonemes and how the latter can be combined to 
construct words. This conversion of print into spoken language by systematically 
mapping and blending the phonological elements within words facilitates word 
decoding. One model to describe word decoding development is the restrictive-
interactive model by Perfetti (1992; 2007), which is based on an incremental acquisition 
process. The correct identification of written text is supposedly influenced by the 
precision and redundancy of underlying representations in the mental lexicon 
(Perfetti, 1992). After the basic principles of word decoding have been acquired, 
further word decoding skills typically develop in a self-teaching manner, and gradually 
the mental representations become more precise, redundant, and efficient (Share, 
2004; Tucker, Castles, Laroche, & Deacon, 2016). In other words, typically developing 
children become more accurate and more fluent in word reading over time (i.e., they 
increase in word decoding efficiency; Share 1995;1999;2004). 
From the start of word decoding development, children’s word decoding efficiency 
increases over time (e.g., Verhoeven & van Leeuwe, 2009). This is especially the case 
in learning to read in transparent orthographies (e.g., Spanish; Baker, Park, & Baker, 
2010). In transparent orthographies first graders generally master the alphabetic 
principle within six months of phonics-based reading instruction (Schaars, Segers, 
& Verhoeven, 2017). With increasing word decoding skills, the connections between 
orthography (graphemes), phonology (phonemes), and semantics (word meanings) 
become augmented and more coherent (Plaut, McClelland, Seidenberg, & Patterson, 
1996; Van Orden, Pennington, & Stone, 1990), and children learn how to efficiently store 
and retrieve written words from memory. According to Perfetti (2007), phonology, 
orthography, semantics, and the coherence between these components influences 
the specificity and quality of the mental representations. According to this Lexical 
Quality theory (Perfetti, 1992), a higher specificity of mental representations facilitates 
the ultimate next developmental step for the children: To comprehend written text. 
Automatization of word decoding skills has indeed been found to be essential for 
the development of reading comprehension skills (Perfetti, 1992; Stanovich, 2000). 
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Therefore, once efficient word decoding skills have been obtained, this heralds the 
gradual development of reading comprehension skills. In the literature, the relation 
between word decoding skills and reading comprehension has been established 
in both adult and child readers (see the metanalysis of Garcia & Cain, 2014; and the 
Simple View of Reading, Gough & Tunmer, 1986). Foorman (1997) found a strong 
correlation between English word decoding and reading comprehension during all 
years of elementary school, and word decoding in lower grades predicted reading 
comprehension in later grades. Foorman, Petscher, and Herrera (2018) showed that 
the contribution of decoding to English reading comprehension decreased across 
the primary grades, whereas instead contribution of language skills increased 
across the grades. The impact of language skills, in terms of vocabulary, syntax, and 
listening comprehension, on reading comprehension was found to be stable over 
time (Cutting & Scarborough, 2006).
Precursors of word decoding
Research indicated that reading development is predicted by individual variation in 
cognitive and linguistic pre-reading characteristics in children. Across orthographies, 
word decoding development has typically been found to be determined by 
kindergarten precursor measures of phonological awareness, grapheme-to-
phoneme knowledge, rapid naming, vocabulary, and visual and verbal memory 
skills (Al Otaiba & Fuchs, 2002; Kirby, Desrochers, Roth, & Lai, 2008; Landerl et al., 
2013; Melby-Lervag, Lyster, Hulme, 2012; Moll et al., 2014; Van den Boer, de Jong, & 
Heantjens-van Meeteren, 2013). The influence of these skills on later word decoding 
development has been suggested to be more or less universal, and was found 
in both deep (opaque) alphabetic orthographies such as English, and in shallow 
(transparent) orthographies such as Dutch (e.g., Caravolas et al., 2013), despite the 
fundamental differences in linguistic and orthographic complexity that can be 
found cross-linguistically (Seymour, Aro, & Erskine, 2003). 
Precursors of reading comprehension
A large amount of studies revealed the influence of kindergarten skills on early word 
decoding development. In comparison, there is little research on the kindergarten 
influence on early reading comprehension. Furthermore, research primarily focused 
on the predictive value of lexical and semantic components, such as word reading, 
language comprehension, and vocabulary (Gough & Tunmer, 1986; Lerrkanen, Rasku-
Puttonen, Aunola, & Nurmi, 2004; Oakhill & Cain, 2012), leaving other kindergarten 
skills out of consideration. Neuro-imaging studies have also primarily focused on 
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semantic components, and found additional evidence that these components were 
highly related to reading comprehension (e.g., see the ERP-study by Landi & Perfetti, 
2007). 
Consequently, the important role of semantic components in reading comprehension 
is well-established. To a lesser extent, also orthographical and phonological 
precursors have been related to reading comprehension (Perfetti, 1992; Perfetti, 2007; 
Richter, Isberner, Naumann, & Neeb, 2013). This finding of an additional contribution 
of phonology and orthography to reading comprehension, along with semantics, 
is in line with the triangle model of reading by Harm and Seidenberg, (2014) and 
with Perfetti and Hart (2002). They stated that the source of individual variation in 
terms of reading comprehension is that readers vary in the full range of their lexical 
representations. In other words, semantic representations result from fully specified 
orthographic representations and redundant phonological information (Perfetti, 
2007).
In addition to skills related to lexical quality, a review study by Kirby, Georgiou, 
Martinussen, and Parrila (2010) showed that, across orthographies, rapid naming 
was an independent predictor of reading comprehension. Furthermore, , readers 
need good memory skills to be able to coherently grasp the meaning of texts. 
Memory skills have been shown to be independently predictive of reading 
comprehension skills (e.g., in both English and French; Cain et al., 2004; Seigneuric 
& Ehrlich, 2005; Seigneuric, Ehrlich, Oakhill, & Yuill, 2000). The exact contributions 
of rapid naming and memory skills to the prediction of reading comprehension 
are still under debate. For example, Schatschneider, Harrell and Buck (2007) and 
McCallum et al. (2006) did not find independent contributions of memory skills to 
reading comprehension in English orthography. Similarly, Cutting and Scarborough 
(2006) did not find independent contributions of memory and rapid naming in 
their prediction analyses of an English-speaking sample, despite correlations of the 
skills with reading comprehension measures. It should be noted, however, that the 
contributions of rapid naming and memory could have been subsumed by word 
decoding and language proficiency in their models. 
Adlof et al. (2010) studied the prediction of English reading comprehension in Grade 
2 and Grade 8 and demonstrated that inclusion of kindergarten language related 
skills and nonverbal cognitive skills would add to the prediction of early reading 
comprehension problems. However, they did not assess visual or verbal memory skills 
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in kindergarten, as possible predictors of later reading comprehension, whereas in 
other studies, a certain relation between memory skills and reading comprehension 
skills was found (Cain, Oakhill, & Bryant, 2004; Haarmann, Davelaar, & Usher, 2003; 
Nouwens, Groen, & Verhoeven, 2017). 
Leppänen, Aunola, Niemi and Nurmi (2008) found a contribution of visual attention 
to reading comprehension in later grades. They also found a predictive contribution 
of phonological awareness to Grade 4 reading comprehension, although mediated 
by other reading measures in kindergarten and Grade 1. Although the kindergarten 
cognitive and linguistic assessment by Leppänen et al. was more comprehensive 
and wider in scope compared to most other reading comprehension studies, no 
early measures of rapid naming and memory skills were included in the kindergarten 
test battery. Therefore, no complete picture of kindergarten contributions to reading 
comprehension has been provided yet. What remains uncertain is whether and to 
what extent the wide range of kindergarten precursors co-act and contribute to the 
development of reading comprehension skills. 
Measures of early reading comprehension 
It is difficult to compare study outcomes for reading comprehension development, 
since different levels of reading comprehension have been studied. The general 
measurement intervals with focus on later reading comprehension may have 
overlooked the first fundamental development at the tipping point of learning to 
read for comprehension (Little, 2013). In previous research, reading comprehension 
and its predictors have primarily been assessed in later primary school grades. 
However, reading comprehension problems might already emerge during initial 
phases of reading development, and precursor contributions might vary over time 
(De Jong & Van der Leij, 2002). Furthermore, most studies did not measure full 
reading comprehension during early grades. For example, the Danish study by Frost, 
Madsbjerg, Niedersøe, Olofsson, and Sørensen (2005) did measure (pre-)kindergarten 
skills of language comprehension and phonological awareness in relation to Grade 9 
full reading comprehension. In Grade 3, 4 and 6, they also measured aspects of reading, 
though restricted to sentence level comprehension. Sentence level comprehension 
skills measure different aspects of reading comprehension as compared to text-and 
discourse-level comprehension skills (higher order comprehension and inference 
making skills; Hogan, Bridges, Justice, & Cain, 2011; Silva & Cain, 2015)
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In addition, other large-scale prediction studies of reading comprehension mainly 
assessed text- and discourse level reading comprehension in later grades, and hence 
discarded the early development of full reading comprehension. For example, the 
longitudinal Finnish study by Leppänen et al. (2008) indicated that letter knowledge 
assessed in kindergarten was a good predictor of reading comprehension in Grade 
4. However, their assessment of a sentence level comprehension task in Grade 1 gave 
only partly insight in the early phases of actual reading comprehension development. 
Studies on kindergarten predictors of early reading comprehension did not include 
the full set of cognitive and linguistic skills. In addition, findings in the literature with 
respect to reading development remain inconclusive due to different measures of 
reading comprehension. 
Learning to read in a second language
Although the literature on second language learning is growing, reading 
development in L2 learners is still less comprehensively studied as compared to L1 
reading development (Durgunoğlu & Verhoeven, 2013). Therefore, it is not yet clear 
to what extent first language and second language word decoding acquisition and 
reading comprehension are comparable. Understanding individual variation in early 
word decoding development, reading comprehension, and the prediction from 
kindergarten skills is critical to determine the prerequisites for establishing L2 literacy. 
It has been found that L1 and L2 learners develop comparable word decoding skills 
already from the start of formal education (Lesaux & Siegel, 2003; Mancilla-Martinez 
& Lesaux, 2010; Melby-Lervag & Lervag, 2014; Verhoeven, 2000). Geva and Yaghoub 
Zadeh (2006) even found word decoding efficiency to be higher in L2 learners. 
In contrast to word decoding skills, L2 learners often face difficulties in developing 
reading comprehension skills (Babayigit, 2014; Burgoyne, Whiteley, & Hutchinson, 
2011; Cain et al., 2000; Geva & Farnia, 2012; Melby-Lervag & Lervag, 2014). This has 
also been found in samples of L2 learners in Dutch (Cremer & Schoonen, 2013; 
Verhoeven & van Leeuwe, 2012). Nevertheless, some studies found similar reading 
comprehension skills as well as similar underlying skills for both L1 and L2 learners 
(Lipka & Siegel, 2012). Similar to what was established by the Simple View of Reading 
in L1 learners, word decoding skills are highly predictive of reading comprehension 
skills in L2 learners too (both accuracy and fluency; e.g., Baker, Park, & Baker, 2012; 
Geva & Farnia, 2012; Verhoeven & van Leeuwe, 2012; Saiegh-Haddad, 2003; Yaghoub-
Zadeh, Farnia, Geva, 2012). 
First and second language reading development  |  143
    5
Precursors of word decoding in L2
Previous research has indicated that L1 and L2 learners in elementary grades perform 
similarly on a wide range of basic cognitive and linguistic skills measuring precursors 
of lexical quality and of memory, such as nonverbal reasoning, rapid naming, 
phonological awareness, and short term memory (Geva et al., 2000; Lipka & Siegel, 
2012; Raudszus et al., 2018). However, results of group comparisons might differ across 
stages of reading development. For example, Geva et al. found differences between 
L1 and L2 learners on rapid naming assessments in Grade 1, which disappeared in 
Grade 2. In addition, similar performances were generally only found in skills that 
did not involve any semantic components. Bilingual students often lag behind in 
semantic skills in their second language, as compared to their first language learning 
peers (Farnia & Geva, 2013; Raudszus et al., 2018; Verhoeven & van Leeuwe, 2012), 
and associative semantic links between words have shown to be weaker in the L2 
(Vermeer, 2001). 
It has been found that the prediction of word decoding from kindergarten measures is 
highly comparable for L1 and L2 learners (Geva & Yaghoub-Zadeh, 2006). Phonological 
awareness and rapid naming have been found to be the best predictors of word 
decoding in both L1 and L2 learners (Durgunoğlu, Nagy, & Hancin-Bhatt, 1993; Geva 
et al., 2000: Lesaux & Siegel, 2003). 
Precursors of reading comprehension in L2
Compared to the vast body of literature on the predictors for word decoding skills, 
little is known about the scope of predicting patterns from kindergarten for later L2 
reading comprehension. The impact of language skills on reading comprehension 
established in L1 learners has also been found in studies of second language learners 
(Farnia & Geva, 2013; Geva & Farnia, 2012). It has been assumed that lexical and 
semantic skills such as vocabulary are related to reading comprehension, and group 
comparison studies mostly focused on the pronounced differences in these skills 
between first and second language readers (Droop & Verhoeven, 2003; Farnia & Geva, 
2013; Kieffer & Lesaux, 2012; Verhoeven & van Leeuwe, 2012). Indeed, less developed 
semantic skills of L2 learners are associated with their lower reading comprehension 
skills (e.g., Babayiğit, 2014; Burgoyne et al., 2011; Cain et al., 2000; Melby-Lervåg & 
Lervåg, 2014; Lervåg & Aukrust, 2010). 
Although valuable, the prediction studies in L2 samples mainly focused on 
semantically related predictors, thereby overlooking the role of other kindergarten 
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precursors that might be different for L2 learners as compared to L1 learners. 
Orthographic quality, phonological quality (Perfetti, 1992) and memory might be 
additionally relevant in predicting reading comprehension development (Yaghoub-
Zadeh et al., 2012; also see the review by Genesee and Jared, 2008). It could be 
suggested that L2 learners compensate for lower semantically related skills by 
relying on better developed phonologically, orthographically, or memory related 
skills, which may, for example, be measured by phonemic awareness, grapheme-to-
phoneme knowledge, and verbal short term memory respectively. However, this has 
not been studied in a single design thus far. 
Measures of reading in L2
Whereas a variety of first languages were involved in most studies on second 
language learners, English was the second language in most cases. English has an 
opaque orthography, which might modulate the developmental interactions and the 
impact of precursors measures (Share, 2008). Dutch has a transparent orthography 
(Seymour, Aro, & Erskine, 2003) and is therefore particularly suitable for studying the 
interrelation between word decoding, reading comprehension, and kindergarten 
precursors in first and second language learners.
To conclude, literacy studies vary widely with respect to the composition of 
predictor variables they have considered. In addition, prediction of early reading 
comprehension problems has been studied less than word decoding. It remains 
unclear how cognitive and linguistic kindergarten skills predict early word decoding 
development, early reading comprehension, and their integrated development 
throughout the initial elementary grades, and it remains debatable how the 
prediction and development of reading differ for first and second language learners. 
A more accurate and complete picture of how the development of word decoding 
and reading comprehension are interrelated and how the integrated development 
of the two can be predicted from cognitive and linguistic skills assessed before 
formal reading instruction is required. 
The present study
In the present longitudinal study, we examined how early word decoding and reading 
comprehension build on cognitive and linguistic precursors from kindergarten in 
613 first language (L1) and 109 second language (L2) learners of Dutch. First of all, it 
was examined how first and second language learners perform on a wide range of 
precursor measures of lexical quality, memory, and of early word decoding in Grades 
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1 and 2, and early reading comprehension in Grades 2 and 3. Second, the longitudinal 
prediction model of word decoding and reading comprehension in terms of L1 and 
L2 reading was analyzed. 
The two main research questions were:
1.  To what extent do L2 learners of Dutch differ from L1 learners in kindergarten 
cognitive and linguistic skills, first and second grade word decoding development, 
and second and third grade reading comprehension development?
2.  How can the integrated development of word decoding and reading 
comprehension in the early elementary grades be predicted in L1 and L2 learners 
from kindergarten measures of cognitive and linguistic skills?
Concerning the first research question, we expected L2 learners to differ from 
L1 learners in kindergarten skills concerning semantic components. Therefore, 
differences were expected in vocabulary (L2 learners scoring below L1 learners) and 
reading comprehension skills. It could be expected that L2 learners scored slightly 
below L1 learners on rapid naming of objects too, since this lexical retrieval task 
contains a semantic component. No differences were expected for skills tapping 
into orthography or phonology, so grapheme-to-phoneme knowledge and word 
decoding efficiency were expected to be similar across groups. Likewise, no 
differences between the groups were expected for memory skills and nonverbal 
reasoning.
With regard to the second research question, we expected that development of 
word decoding and reading comprehension in the early elementary grades would 
increase over time, and both developmental paths would be highly autoregressive 
in nature. We expected that reading comprehension in Grades 2 and 3 was predicted 
by word decoding in Grades 1 and 2, and that both word decoding and reading 
comprehension could be predicted from kindergarten measures of grapheme-to-
phoneme knowledge, rapid naming of objects, and memory skills. Vocabulary was 
expected to contribute to the prediction of reading comprehension, independent 
from the prediction by word decoding skills. Although differences in literacy 
performances were expected between L1 and L2 learners, it was hypothesized that 
developmental structural relations and predictive values would not be different 
between the two groups of learners.
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Method
Participants
All children in this study (N = 722) were participants in a larger longitudinal study 
(N=1006) on Dutch reading development, which started in 2013 in 37 schools 
throughout the Netherlands (Schaars et al., 2017). All Dutch regions and both rural 
and urban areas were represented. The sample was treated in accordance with 
institutional guidelines and APA ethical standards and no outside approval by a 
governing board was required. The data collection was non-invasive, since it was 
based on regular educational practices, curricula, and methods in daily educational 
settings. Schools, parents, and children were informed about the purpose of the 
research, the expected durations of the tasks, and the procedures. They were informed 
about whom to contact for questions about the research. Schools gave active 
consent to participate in the longitudinal study. Prior to testing, informed passive 
consent was obtained from the parents of all participating children. Both schools 
and parents were aware of their right to decline participation and to withdraw from 
the research any time before or during the research project. After each academic 
year, the schools were asked if they were willing to maintain their participation. 
Schools were debriefed with the results and conclusions of the research.
For current analyses, five schools (90 children) were excluded from the total cohort, 
because they missed two or more of the measurement moments for reading 
comprehension. Of the 90 excluded children, sixteen children were L2 learners (18 
%), which is highly comparable to the 15% L2 learners in the remaining sample. 
Children in these five schools had similar scores on kindergarten measures as 
the children in de remaining sample (all independent sample t-tests p > .20). 
Furthermore, 35 children were excluded from the analyses, since they missed all 
reading comprehension measurement moments. Conclusively, analyses were 
conducted with a representative subsample of 722 Dutch children in 32 schools (379 
boys; 343 girls) of which 109 (15.1%) L2 learners and 613 L1 learners. 
The percentage of L2 learners is comparable with the percentage of immigrants in 
the Dutch society (CBS, 2018). The second language learners in the current study 
came from the same schools and classrooms as the first language learners. The 
children came from a variety of ethnic and linguistic backgrounds. Our sample 
included more than 20 languages. The predominant languages were Morrocan 
(Arabic and Berber; about 30%), and Turkish (about 30%). The others spoke a wide 
variety of languages including, among others, Polish, Somali, Spanish, and English. 
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Children were operationally defined as second language learners if they spoke 
at least one language other than Dutch at home with their parents, siblings, and 
others who lived at home with them (e.g., grandparents). First language learners 
were defined as children who spoke exclusively one language at home, which was 
the same language as during instruction at school (Dutch). Language information 
was obtained through school records.
The L2 learners did not differ from the L1 learners on a raw score measure of 
nonverbal logical reasoning (Raven Coloured Matrices assessment; Raven, 1958) at 
the end of Grade 1, ML2learners (SD) = 27.62 (4.44); ML1learners (SD) = 27.66 (4.96). T-test for 
independent samples (two-sided, equal variances assumed) showed t (720) = -.08, 
p = .93. The L2 learners, however, did differ from the L1 learners on socio-economic 
status of the home environment (represented by the educational level of the first care 
giver), on a categorical scale of 1 (elementary school) to 4 (vocational education and 
university), ML2learners (SD) = 2.22 (1.07); ML1learners (SD) = 3.28 (.67). T-test for independent 
samples (two-sided, equal variances not assumed) showed t (123.12) = 9.94, p < .001. 
Therefore, we controlled for socio-economic status in the comparative statistics.
All children attended regular classroom education and they all spoke Dutch at school. 
The children were first assessed at the end of the second year in kindergarten (Mage 
= 6;1, SD = 0;4). First grade reading instruction was comparable across the schools, 
since all schools were using the same highly structured, systematic and phonics 
based reading curriculum (Veilig Leren Lezen, “Learning to read safely”, Mommers et 
al., 2003). 
Measures
Precursor measures.
We administered cognitive and linguistic measures at the end of kindergarten. The 
tasks were designed and analysed for the purpose of the larger longitudinal study 
(Schaars et al., 2017). All cognitive and linguistic measures, except for the Grapheme-
Phoneme Knowledge task, were preceded by some practice items during which 
feedback was allowed. Furthermore, Phoneme Segmentation, Visual and Verbal Short 
Term Memory, and Vocabulary contained a cut off score to avoid further frustration if 
the performance level of a child was reached.
148  |  Chapter 5
Phoneme Isolation. The child was asked to sound out the first phoneme of 10 orally 
presented monosyllabic CVC-structured words (e.g., muis, soep; [mouse, soup]). The 
score on this task was the amount of correct responses, with a maximum score of 10. 
Reliability of the task was good (Cronbach’s α = .83).
Phoneme Segmentation. The child was asked to serially pronounce each phoneme 
of an orally presented word. The 10 presented words increased in internal complexity, 
starting with CVC-structured words, and followed by CCVC- or CVCC-structured 
words and CCCVC- or CVCCC-structured words. The score on this task was the 
amount of correct total responses, with a maximum score of 10. The reliability of the 
task was good (Cronbach’s α = .85).
We expected a high interrelationship between initial phoneme isolation and 
phoneme segmentation, since both are assumed to measure the phonemic 
awareness of the participating children. Both tasks require one manipulation step 
of sounds in spoken stimuli (isolating or segmenting phonemes) and they are in the 
middle range of complexity. These tasks score high on criterium validity with reading 
acquisition as the criterium (Yopp, 1988). Principal Axis Factoring was conducted on 
initial phoneme isolation and phoneme segmentation. Indeed, one component 
with relatively high loadings was revealed (.72 and .72). Therefore, construct validity of 
the component was indicated to be good. The component explained 51.83% of the 
variance. Adequacy of this analysis was low but acceptable (KMO = .50; Hutcheson & 
Sofroniou, 1999) and together with the strong theoretical hypothesis, it was decided 
to be accepted as one factor representing phonemic awareness. Factor scores were 
calculated by the regression method and used as one combined variable in path 
analyses of the current study. 
Grapheme-Phoneme Knowledge. The child was asked to sound out 34 graphemes 
used in Dutch. Only the grapheme sound was considered correct in this task. If the 
child named the grapheme, the child was asked once to also give the sound of the 
grapheme. The score on this task was the amount of graphemes that were sounded 
out correctly. Reliability of the task was excellent (Cronbach’s α = .93).
Active Vocabulary. The child was asked to complete a little sentence that was orally 
presented accompanied by a picture in a booklet. An example of a sentence was: “the 
man is …” with the correct answer: “fishing”. In total, 29 picture-word combinations 
were assessed. The task was based on the Vocabulary task in the Taaltoets Allochtone 
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Kinderen (“Language test Ehtnic Minority Children”; TAK; Verhoeven & Vermeer, 1986). 
The amount of correct words was the score on this task. The reliability was good 
(Cronbach’s α = .83).
Rapid naming (RAN). To measure lexical retrieval of objects, the child was asked to 
name visually presented objects as accurate and quickly as possible for one minute. 
The task material consisted of a card with repeated rendering of five highly familiar 
pictures, which were practised once before actual measurement. The five pictures 
corresponded with one-syllable, high frequent Dutch words (viz., saw, pot, thumb, 
trousers, tent). The amount of correct named pictures was the lexical retrieval score. 
Reliability of the task was excellent (Cronbach’s α = .95).
Verbal Short-Term Memory (STMver). To assess verbal short term memory, the 
child was asked to repeat orally presented pseudowords. The task consisted of 20 
pseudowords increasing from 1 to 4 syllables. The entire words had to be repeated 
correctly to be considered correct. The score on this task was the amount of correct 
repetitions, with a maximum score of 20. The reliability of the task was good 
(Cronbach’s α = .77).
Visual Short-Term Memory (STMvis). We asked the child to remember and 
rebuild the order of a series of visual figures (viz., fish, cow, ship, chicken, sock) that 
was presented shortly by the test assistant. The number of visual figures in a series 
increased from two to five figures to remember. The complete task consisted of 15 
series. This task followed the task design of a sub task of the RAKIT-test kit, called 
“Visual Memory Span: Concrete Figure Sequences” (Pieters, Dek & Kooij, 2013). This task 
contained concrete figures, which was specifically constructed for young children. 
Using abstract figures would be too complex for the participant age group. The 
entire series had to be remembered to be considered correct. The amount of correct 
series was the score on this task, with a maximum score of 15. The reliability of the 
Visual Short-Term Memory task was good (Cronbach’s α = .77).
Raven coloured progressive matrices. To measure non-verbal reasoning, the child 
was asked to make sense of items with increasing complexity. This test was chosen 
for its non-verbal character and suitability for use with L2 learners. The task material 
consisted of three sets of 12 puzzles with one piece left out. Six answer options of 
missing pieces were provided with each puzzle. The child was asked to pick the 
right answer option by ticking the right box on an answer sheet. The amount of 
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correct answered pictures was the non-verbal reasoning score. Reliability of the 
task as conducted in the current study was measured in a representative sample 
of 1006 children, and was considered good (Cronbach’s α = .81). This resembles the 
standardized task, which has been shown to have good reliability (Cronbach’s α = 
.90; van Bon, 1986).
Standardized word decoding. 
Biannually, children’s ability to decode words was assessed with a standardized 
test (Drie-minutentoets; “Three-minute test”; Krom, Jongen, Verhelst, Kamphuis, & 
Kleintjes, 2010). The total task consisted of three word cards with varying internal 
complexities: the first card contained one-syllable simple-structured words; the 
second card contained words with one or two consonant clusters; the third card 
contained words with at least two syllables. Per card, we asked the child to accurately 
read as many words as possible for 1 minute. The amount of correct read words per 
timed element was the score on a reading card. The composite score of the three 
card scores was the composite word decoding efficiency score. In line with the 
manual of the standardized test, the third card was not included halfway Grade 1 for 
complexity reasons. The combined card scores were considered reliable, (Cronbach’s 
α = .97; Krom et al., 2010).
Reading comprehension.
From halfway Grade 2, reading comprehension was measured biannually by the 
standardized reading comprehension test of the CITO (Centraal Instituut Toets 
Ontwikkeling; Central Institute for Test Development; 2015). The CITO material was 
used by all participating schools. Each test consists of several short texts followed 
by multiple choice questions addressing both literal information and inference 
making. The written texts used for the tests include formal explanatory reading texts, 
fiction, narratives, and literature sections. For each measurement moment, other 
sets of reading texts and test items were used to adapt to the required norm level 
of the children, and to avoid memory and learning effects caused by repetition of 
texts. 
One test moment consisted of two sub-parts. All children first completed the first sub-
part. The individual score on this first sub-part determined whether a child continued 
with an easier or more difficult version of the second sub-part. This two-step method 
was used in order to arrive at a precise indication of reading comprehension level 
(Rash, 1960). Per test moment, one total score was calculated out of the two sub-
First and second language reading development  |  151
    5
parts. Final test results were compared between and within (viz., subsequently) 
individuals. Scores were calculated on one and the same scale, regardless of the 
items that have been administered for the individuals. Scores were standardized 
based on national norm scores of representative groups of Dutch children. For each 
measurement moment, the test was considered reliable (Cronbach’s α’s respectively 
.86, .83, .84; CITO, 2015).
Procedure 
In the Netherlands, kindergarten is a two-year program prior to first grade. No formal 
literacy instruction is provided in kindergarten. However, children are stimulated 
to playfully discover grapheme-phoneme correspondences and phonological 
awareness. We first assessed the cognitive and linguistic measures at the end of 
kindergarten. The cognitive and linguistic measures were administered by the first 
author and eight trained test assistants with Bachelor or Master degrees in Educational 
Science, Psychology or Linguistics. The test assistants were qualified for assessing 
behavioral tasks. All assistants were fully trained prior to any data collection. All 
tasks were administered individually in a quiet room at school during regular school 
hours. To test nonverbal reasoning skill of the children, Raven coloured progressive 
matrices was assessed at the end of Grade 1. The test was conducted with a paper 
and pencil task in classroom setting. Instruction was orally provided in classroom 
setting, and one item was practised in the group after instruction.
In Grade 1, children in the Netherlands start receiving formal reading instruction. 
Word decoding instruction was provided in general classroom setting following the 
daily reading curriculum. All participating schools made use of the same systematic 
incremental phonics-reading curriculum, called Veilig Leren Lezen (“Learning to Read 
Safely”; Mommers et al., 2003). In Grade 2 and Grade 3, reading instruction gradually 
shifts attention towards explicit instruction on reading comprehension instead 
of decoding. However, training and practising on decoding efficiency continues. 
Standardized word decoding (WD) tasks were administered halfway (i.e., in February; 
word decoding middle of the year; WDM) and at the end (i.e., in June; word decoding 
end of the year; WDE) of Grade 1 and Grade 2 (i.e., four measurement moments, 
comprising WDM1, WDE1, WDM2. WDE2). In accordance with the guidelines of the 
standardized tests used, standardized word decoding measurements were assessed 
individually by certified and well instructed classroom teachers or internal remedial 
teachers of the participating schools. 
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Reading comprehension (RC) was administered in classroom setting halfway and 
at the end of Grade 2, and halfway Grade 3 (i.e., three measurement moments; 
comprising RCM2, RCE2, RCM3). Figure 1 shows all measurement moments on a 
timeline of kindergarten to Grade 3.
Figure 1. Measurement moments on a timeline of kindergarten to Grade 3.
Analytic approach
Differences on precursor measures between groups were analysed in multivariate 
analyses of variance, controlling for the possible moderation of SES. Nondirectional 
hypotheses, and therefore two-sided test statistics, were maintained for all analyses. 
Repeated measures of word decoding efficiency and reading comprehension of 
both groups were analysed with Repeated Measures Analysis of Variance, controlling 
for the possible moderation of SES. Analyses of Variance were conducted using SPSS 
(IBM, SPSS 24). 
LISREL path modelling (Jöreskog & Sörbom, 1996) was used for examining the 
structural relations in longitudinal development of the independent constructs 
of word decoding and reading comprehension (in simple path models) and their 
integrated development (in a cross-lagged panel model), determined by their 
predictors. In the cross-lagged panel model, the variables at one time point could 
theoretically share common `cause` not explained by the specified predictors. 
Therefore, the residual variances of constructs measured at one time point were 
freely estimated. Variables later in time were expected not to influence variables 
earlier in time. After the conceptualised relations, plausible relations with relevant 
improvements of the χ2 (MI ≥ 3.84 refers to significance improvement of the χ2 at 
α = .05) have been considered using Modification Indices of LISREL. Only significant 
paths (at α < .05) were preserved in the final models (see Little, 2013). The kindergarten 
precursors were allowed to correlate, and residual variances among word decoding 
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and reading comprehension measures at one measurement moment were allowed 
to associate. The fit of the models was evaluated using a chi-square (χ2) test, and the 
relative chi-square (χ2rel), calculated as the ratio of the chi-square with the degrees 
of freedom. The relative chi-square should be lower than 3 to be considered good 
fit (Carmines & McIver, 1981). The Root Mean Square Error of Approximation (RMSEA) 
was additionally evaluated, because of its robustness for large sample influences. 
The critical value for RMSEA was set on < .06 to be considered good fit (Tabachnick 
& Fidell, 2014). 
To test for group differences, Group Comparison models were tested using LISREL. 
We first computed the models with an equality restriction for the complete model, 
meaning that all the coefficients in a model were assumed to be equal for the L1 
and the L2 group. Then, we checked for each coefficient whether allowing the 
coefficient to vary between groups would significantly increase the model fit, using 
Modification Indices of both groups. If model fit did not increase, the constraint was 
retained in the final model. If free estimation of a coefficient did increase model fit, it 
was freely estimated in the final model. Differences between the fit of nested models 
were assessed by means of a χ2 difference test (Kline, 2011). 
Results
Preliminary considerations
Prior to the analyses, the missing values in this longitudinal dataset were analysed. 
There were no missing values in the Kindergarten cognitive and linguistic 
measurements. In Grades 1 and 2, less than 2% of the values were missing for the 
word decoding measurements. Missing values in word decoding were considered 
missing completely at random (MCAR; Little’s missing completely at random 
test for word decoding, χ2 (14) = 16.338, p = .291). For reading comprehension, five 
schools were excluded for analyses, because they missed two or three complete 
measurement moments. Of the remaining subsample of 32 schools (N = 757), 35 
children were excluded from analyses since they missed all reading comprehension 
measures. Of the remaining sample of 722 participating children, less than 15% of 
reading comprehension values was missing. These missing values were considered 
completely at random (MCAR; Little’s missing completely at random test for reading 
comprehension, (χ2 (9) = 13.96, p = .124). Therefore, the dataset was particularly 
suitable for Expectation maximalization techniques. Missing data were estimated 
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and imputed by the expectation maximalization method of SPSS (EM; IBM SPSS 25). 
Expectation maximalization was conducted on the word decoding and reading 
comprehension data with coverage of linked associates, namely school, socio-
economic status, kindergarten measures, and Raven coloured matrices. These 
associates were included to inform the estimation of the parameters. The data 
were screened for nonnormality. Concerning the total sample of N = 722, skewness 
(considered normal if < 2; Kim, 2013; West et al., 1996) and kurtosis (considered within 
range of normal if < 7; Kim, 2013; West et al., 1996) values were within the range 
of normality for all repeated word decoding measures, and all repeated reading 
comprehension measures. In addition, all kindergarten measures were considered 
normally distributed, except for the Initial phoneme isolation task which had a 
skewness of 2.27. The initial phoneme isolation task reached ceiling scores for some 
participating children, and therefore the left tail was relatively long as compared to the 
right tail. For completeness, we have also screened the distributions independently 
of the two subsamples. For the L1 learners all distributions were within the range of 
normality, except for the initial phoneme isolation task (skewness = 2.29), in line with 
the total normality outcomes. For the L2 learners, all distributions were within the 
range of normality. For the LISREL path models, the results of this initial phoneme 
isolation task were interpreted in combination with the other phonemic awareness 
task within one combined factor variable (see method section). The combined factor 
scores were considered normally distributed. 
Differences between L2 learners and L1 learners in literacy 
measures
Our first research questions addressed the extent to which L2 learners differed from L1 
learners in kindergarten cognitive and linguistic skills, word decoding development, 
and reading comprehension development.
We first investigated whether L2 learners and L1 learners scored differently on 
kindergarten measures of rapid naming, initial phoneme isolation, phoneme 
segmentation, grapheme-to-phoneme knowledge, vocabulary, and visual and 
verbal short term memory (see Table 1 for descriptive statistics). A MANOVA was 
used, controlling for the possible moderation effect of the socioeconomic status 
of the home environment (SES, operationalized as the educational level of the 
main caregiver). Although quite robust analyses were used, outcomes should be 
interpreted with some caution, since equal covariances could not be assumed 
(Box’s test p < .001). Using Wilk’s Lambda, a main effect of Group on the kindergarten 
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measures was found, F (7, 708) = 13.70, p < .001, η2p = .119. No main effect of SES was 
found, F (21, 2033.54) = 1.513, p = .063, η2p = .015 and there was no interaction of Group 
* SES, F (21, 2033.54) = .635, p = .896, η2p = .006. This means that the effect of Group 
(L1 or L2 learner) on the kindergarten measures was not influenced by the SES of 
the home environment. To further specify the exact differences per kindergarten 
measure, separate univariate ANOVAs were conducted (see Table 1). The L2 learners 
scored below the L1 learners on rapid naming, phoneme segmentation, and 
vocabulary. In line with the conclusions from the overall multivariate analyses, no 
interaction effects were found for the univariate tests. This means that the group 
differences found for rapid naming, phoneme segmentation and vocabulary were 
not moderated by the educational level of the main care giver (SES).
Table 1 
Means, Standard Deviations and Univariate Tests Statistics of Kindergarten Precursors of L2- 
Learners and L1-Learners in Dutch Controlling for the Moderation Effect of SES
Measurement Subsample M (SD) Group comparison
F p η2p
Rapid naming L1-learner (n = 613) 40.81 (8.43) 6.84  .009** .009
L2-learner (n = 109) 36.50 (11.51)
Initial phoneme isolation L1-learner 8.59 (1.82) 0.01 .920 .000
L2-learner 8.03 (2.33)
Phoneme segmentation L1-learner 4.83 (2.60) 5.15 .024* .007
L2-learner 3.34 (2.47)
Grapheme-to-phoneme 
Knowledge
L1-learner
L2-learner
19.61 (7.44) 
17.97 (7.17)
0.15 .697 .000
Vocabulary L1-learner 14.73 (3.74) 91.52 <.001*** .114
L2-learner 7.60 (4.19)
Short term memory verbal L1-learner 15.35 (3.17) 3.78 .052 .005
L2-learner 13.84 (3.72)
Short term memory visual L1-learner 8.41 (2.95) 0.01 .913 .000
L2-learner 8.12 (2.75)
Note. * p < .05. ** p < .01. *** p < .001.
To analyse group differences in word decoding development, we conducted a 
Repeated Measures Analysis of Variance with Time (WDM1-WDE2) as a within-subjects 
factor and Group (L1 learners, L2 learners) as a between-subjects factor. We again 
controlled for the possible moderation effect of SES. Table 2 shows the means and 
standard deviations of the standardized word decoding measurements. Mauchly’s 
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test of sphericity was violated; therefore, multivariate test results (Wilks’Lambda) 
were reported. This was appropriate, since the data consisted of a large sample, 
and the estimation of Huijn-Feldt (.63) was below .85 (Ellis, 2003; Stevens, 2002). We 
found a main effect of Time F (3, 712) = 516.80, p < .001, η2p = .69, indicating that 
both groups increased in word decoding efficiency over time. No main effect of 
Group was found, F (1, 714) = 1.415, p = .235, η2p = .002, and there was no Group * Time 
interaction, F (3, 712) = 1.506, p = .212, η2p = .006. These results indicate that the word 
decoding performances and the word decoding development were not different 
between the groups. No interactions with SES were found, indicating that the results 
for word decoding were not moderated by the SES of the home environment. 
Table 2
Means and Standard deviations of Word Decoding Efficiency and Reading Comprehension
 Group M SD
WDM Grade 1 L1-learner (n = 613) 52.56 28.11
L2-learner (n = 109) 54.65 35.21
Total 52.87 29.28
WDE Grade 1 L1-learner 113.63 51.58
L2-learner 114.39 55.04
Total 113.75 52.07
WDM Grade 2 L1-learner 166.66 57.52
L2-learner 169.17 66.67
Total 167.04 58.95
WDE Grade 2 L1-learner 190.86 56.13
L2-learner 195.69 66.76
Total 191.59 57.83
  
RCM Grade 2 L1-learner 133.45 31.30
L2-learner 118.59 24.29
 Total 131.21 30.80
RCE Grade 2 L1-learner 140.47 31.12
L2-learner 126.60 25.40
 Total 138.38 30.71
RCM Grade 3 L1-learner 154.93 26.43
L2-learner 139.57 27.08
 Total 152.61 27.08
Note. WDM = Word Decoding Middle of the year; WDE = Word Decoding End of the year; RCM 
= Reading Comprehension Middle of the year; RCE = Reading Comprehension End of the year.
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Subsequently, we conducted a Repeated Measures Analysis of Variance with Time 
(RCM2, RCE2, RCM3) as within-subjects factor and Group (L1 learner, L2 learner) as 
between-subjects factor, to analyse group differences in reading comprehension 
development. We controlled for the possible moderation effect of SES. Mauchly’s 
test of sphericity was violated and Huijn-Feldt (.97) was above .85, so univariate 
within-subject effects were interpreted (Ellis, 2003; Stevens, 2002). The conservative 
Greenhouse Geiser correction was reported. The analysis indicated that both groups 
increased in reading comprehension skills during development over Time, F (1.92, 
1373.59) = 79.81, p < .001, η2p = .101. We found a small effect of Group, F (1, 714) = 6.60, 
p = .01, η2p = .009, indicating that L2 learners scored slightly below L1 learners on 
reading comprehension skills. No interaction effect between Time and Group was 
found, indicating that the L2 learner’s development was delayed, but not different 
from L1 learners’s development. No interactions with SES were found, indicating that 
the results on reading comprehension were not moderated by the SES of the home 
environment. Table 2 shows the means and standard deviations of the standardized 
reading comprehension measurements.
Prediction of word decoding and reading comprehension  
development 
The second research question concerned the integrated development of word 
decoding and reading comprehension, and the predictive values of kindergarten 
measures of cognitive and linguistic skills. To address this research question, first, the 
autoregressive developmental path of word decoding in Grade 1 and Grade 2 was 
evaluated (Model 1a). Second, the predictive values of the kindergarten measures 
on word decoding were analysed (Model 1b). Subsequently, the developmental 
path of reading comprehension in Grade 2 and Grade 3 was analysed (Model 2a), 
and the models of word decoding and reading comprehension were combined 
and integrated (Model 2b). It was then studied how the integrated model was 
determined by kindergarten precursors, resulting in one integrated model of early 
literacy development from kindergarten precursors up to reading comprehension in 
Grade 3 (Model 2c). All models were analysed using LISREL path modelling statistics 
following the building steps from a conceptual eventually a modified model, as was 
explained in the analytical approach section. Furthermore, it was questioned how 
the developmental models differed between the groups. For each model, multiple 
group comparison statistics were used to study the developmental differences 
between L1 learners and L2 learners in depth (the procedure used is explained in the 
analytical approach section). 
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In Table 3, both L2 learners’ (upper right diagonal) and L1 learners’ (lower left diagonal) 
correlations between precursor measures, word decoding efficiency and reading 
comprehension were presented. Both groups showed that kindergarten measures 
were correlated moderately, indicating that related but independent skills were 
measured. The kindergarten measures were correlated with the outcome measures 
of both reading comprehension and word decoding. Vocabulary was not correlated 
with the word decoding measures, but showed significant correlations with reading 
comprehension. Correlations between grapheme-phoneme knowledge and word 
decoding seemed higher for L2 learners compared to those for L1 learners. In contrast 
to the L1 learners, no correlation was found between verbal short term memory and 
word decoding for L2 learners. Word decoding and reading comprehension were 
correlated to a similar extent in both groups. No remarkable differences between 
groups were found in the within construct correlations of the repeated measures 
of the outcome variables, although the within construct relations of reading 
comprehension tend to be stronger in the L2 learner group. Word decoding and 
reading comprehension were correlated in both groups.
Table 3
Correlations between Precursor Measures, Word Decoding Efficiency, and Reading 
Comprehension of L2-learner’s (Upper Right Diagonal) and L1-learners (Lower Left Diagonal)
RAN IPI SEGM STMver GPK VOC STMvis WDM1 WDE1 WDM2 WDE2 RCM2 RCE2 RCM3
RAN - .263** .265** .230* .334** .481** -.017 .304** .411** .415** .377** .307** .321** .395**
IPI .175** - .375** .399** .482** .242* -.024 .152 .191* .152 .110 .138 .106 .161
SEGM .223** .545** - .294** .445** .193* .103 .313** .279** .157 .146 .213* .344** .341**
STMver .136** .321** .291** - .279** .278** -.103 .103 .102 .082 .079 .146 .186 .214*
GPK .290** .513** .585** .147** - .123 .205* .596** .568** .509** .433** .208* .216* .326**
VOC .178** .178** .226** .296** .147** - .011 .133 .163 .146 .084 .254** .362** .291**
STMvis .262** .144** .244** .146** .252** .085* - .211* .143 .107 .067 .217* .059 .245*
WDM1 .344** .261** .363** .211** .483** .075 .222** - .853** .739** .678** .421** .409** .475**
WDE1 .348** .198** .260** .177** .393** .046 .217** .837** - .892** .847** .517** .478** .484**
WDM2 .379** .159** .202** .150** .318** .053 .192** .720** .895** - .946** .478** .422** .465**
WDE2 .368** .146** .181** .150** .307** .061 .199** .655** .844** .936** - .541** .468** .496**
RCM2 .244** .280** .301** .226** .338** .291** .319** .453** .488** .519** .526** - .811** .751**
RCE2 .289** .258** .289** .285** .311** .312** .255** .429** .456** .467** .482** .798** - .778**
RCM3 .161** .183** .268** .178** .230** .224** .217** .346** .407** .385** .407** .691** .677** -
Note. ** Correlation is significant at the .01 level (2-tailed). * Correlation is significant at the .05 level (2-tailed). 
RAN = rapid naming, IPI = Initial phoneme isolation, SEGM = Phoneme segmentation, GPK = Grapheme to 
phoneme knowledge, STMver = verbal short term memory, VOC = active vocabulary, STMvis = Visual short 
term memory, WD = Word decoding, RC = Reading comprehension, E = End of the school year, M = Middle 
of the school year. 
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In a simple path model, the autoregressive relations of word decoding were specified 
from halfway Grade 1 towards the end of Grade 2. Standardized coefficients of the 
model are presented in Figure 2. The standardized coefficients can be considered 
autoregressive stability coefficients, showing high autoregression during word 
decoding development. No within group modification indices were suggested, 
indicating that there were no differences between the L2 learners and the L1 learners 
in the developmental word decoding path. The model fits the data adequately, χ2 (3) 
= 9.97, p = .030, RMSEA = .074. The χ2 was determined for 19.11% by the L1 group and 
80.98% by the L2 group. 
To analyse the prediction of word decoding development by kindergarten measures 
of cognitive and linguistic skills, the kindergarten measures were added to the 
simplex model. These kindergarten measures were allowed to covary. First, the direct 
paths towards Grade 1 word decoding were estimated. Second, modification indices 
in LISREL suggested direct paths from rapid naming to word decoding measures at 
the end of Grade 1 and halfway Grade 2 over and above the indirect contribution 
via the measurement moment halfway Grade 1. Phonemic awareness and active 
vocabulary had no independent contributions to the prediction model. They were 
excluded in the final model, since only significant paths (at α < .05) were preserved 
in the final models. To test for group differences in this prediction model, we first 
computed a model in which all coefficients were constrained between groups. Next, 
we followed the building steps as elaborated on in the analytic approach section. 
The model fit increased significantly if the predictive path of grapheme-phoneme 
knowledge to word decoding was allowed to vary between the groups. The model 
showed that the contribution of grapheme-to-phoneme knowledge on word 
decoding was stronger for the L2 learners as compared to the L1 learners. Except 
from the path for grapheme-phoneme knowledge, all other kindergarten predictive 
paths could be considered similar across groups. The model fitted the data very well, 
χ2 (46) = 56.25, p = .143, RMSEA = .025. The chi-square was determined for 62.55% by 
the L1 group and for 37.45% by the L2 group. See Figure 3 for the resulting model.
Figure 2. Group comparison model of word decoding development. Model fit completely 
restricted group comparison model: χ2 (3) = 9.97, p = .030, RMSEA = .074. WD = word decoding; 
M = Middle of the year; E = End of the year; Grade 1 and Grade 2.
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Figure 3. Group comparison model of the determination of word decoding by kindergarten 
precursors. Model fit: χ2 (46) = 56.25, p = .143, RMSEA = .025. WD = word decoding; M = Middle 
of the year; E = End of the year; Grade 1 and Grade 2; RAN = Rapid Naming; GPK = Grapheme-
Phoneme Knowledge; STMver = Verbal Short Term Memory; STMvis = Visual Short Term Memory. 
The kindergarten measures were allowed to correlate.
The autoregressive relations of reading comprehension of halfway Grade 2 towards 
halfway Grade 3 were specified in a simplex path model. Modification indices 
suggested a direct contribution from halfway Grade 2 to Grade 3, in addition to the 
structural relation from the end of Grade 2 to Grade 3. To test for group differences 
in this simplex reading comprehension model, we first computed a model in which 
all coefficients were constrained between groups. Next, we followed the building 
steps as elaborated on in the analytic approach section. The model fit significantly 
increased if the coefficient from the end of Grade 2 to halfway Grade 3 was allowed 
to vary between the groups. For that specific structural relation, the model showed a 
stronger autoregressive effect for the L2 learner group as compared to the L1 learner 
group. No further within group modifications were suggested, showing that further 
coefficients in the model could be considered similar across the groups. The model 
fits to the data very well, χ2 (2) = 0.88, p = .644, RMSEA < .001 (see Figure 4). The χ2 was 
determined for 13.95% by the L1 group and 86.05% by the L2 group. 
In an integrated model, the word decoding development was added to investigate 
reading comprehension development in Grade 2 and Grade 3 in interaction with 
word decoding in Grade 1 and Grade 2 (see Figure 5). In a first step, the concurrent 
measures between the constructs in Grade 2 were allowed to covary. This covariation 
was not significant at the end of Grade 2, so only the covariation halfway Grade 2 
retained. In the second step, the first order cross-lagged relationships between the 
constructs were analysed. Only lags forward in time were considered. The model 
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showed a strong cross-lagged relation from word decoding at the end of Grade 1 to 
reading comprehension halfway Grade 2, indicating a strong contribution of word 
decoding skills to reading comprehension skills. Additionally, a reciprocal cross-lagged 
relationship was found between word decoding and reading comprehension from 
halfway Grade 2 to the end of Grade 2. Although the subsequent cross-lagged effects 
contributed significantly to the complete model, they were of a small magnitude. No 
further cross-lagged relationships were found. To test for group differences, we first 
computed a model in which all coefficients were constrained between groups. Next, 
we followed the building steps as elaborated on the analytic approach section. The 
model fit significantly increased if the coefficient from reading comprehension end 
Grade 2 to halfway Grade 3 was allowed to vary between the groups. That means 
that the autoregressive effect from reading comprehension at the end of Grade 2 to 
halfway Grade 3 was stronger for L2 learners as compared to the L1 learner group. 
The fit of the integrated model was adequate, χ2 (29) = 82.44, p < .001, RMSEA = .072. 
In a final step, kindergarten precursors were added to the integrated literacy 
model. Word decoding development was best predicted by grapheme-phoneme 
knowledge and (developmentally) by rapid naming, and to a lesser extent by visual 
and verbal short term memory. Reading comprehension was best predicted by 
active vocabulary, visual short term memory, and phonemic awareness. At the end 
of Grade 2, there was a small independent contribution of verbal short term memory 
and vocabulary. The group comparison model showed that the contribution of 
grapheme-to-phoneme knowledge on word decoding was stronger for the L2 
learners as compared to the L1 learners. 
The resulting model revealed quite similar developmental paths for both 
groups. Except from the grapheme-phoneme knowledge, all other kindergarten 
predictive paths could be considered similar between the groups. Except from 
the autoregression coefficient in Grade 3, all autoregression coefficients and all 
cross-lagged paths between word decoding and reading comprehension could be 
considered similar between the groups. The model fits to the data adequately, χ2 
(132) = 181.81, p = .003, RMSEA = .033. The χ2 was determined for 50.33% by the L1 
group and 49.67% by the L2 group. See Figure 6 for the resulting model. 
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Figure 4. Group comparison model of reading comprehension development. Model fit: χ2 (2) = 
0.88, p = .644, RMSEA < .001. RC = Reading comprehension; M = Middle of the year; E = End of 
the year; Grade 2 and Grade 3.
Figure 5. Group comparison model of the developmental interrelationship between word 
decoding and reading comprehension. Modelfit: χ2 (29) = 82.44, p = <.001, RMSEA = .072. WD 
= Word decoding; RC = Reading comprehension; M = Middle of the year; E = End of the year; 
Grade 1, 2 and Grade 3. The residual variances among the measurements Middle Grade 2 were 
associated, as indicated by the line in grey.
Figure 6. Group comparison model of the interrelationships between word decoding and 
reading comprehension determined by kindergarten precursors. Model fit: χ2 (132) = 181.81, 
p = .003, RMSEA = .033. WD = Word decoding; RC = Reading comprehension; M = Middle of 
the year; E = End of the year; Grade 1, 2 and Grade 3. RAN = Rapid Naming; GPK = Grapheme-
Phoneme Knowledge; STMver = Verbal Short Term Memory; PA = Phonological Awareness; 
VOC = Vocabulary; STMvis = Visual Short Term Memory. The residual variances among the 
measurements Middle Grade 2 were associated, as indicated by the line in grey. The kindergarten 
measures were allowed to correlate.
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Discussion
Summary of findings
The present longitudinal study in L1 and L2 learners of Dutch investigated cognitive 
and linguistic precursors of early word decoding and reading comprehension 
from kindergarten to Grade 3. In kindergarten, second language learners scored 
below first language learners on active vocabulary, rapid naming of objects, and 
phoneme segmentation. No differences were found in grapheme-to-phoneme 
knowledge, phoneme isolation, nonverbal reasoning, and memory skills. Whereas 
the L1 and L2 groups scored similarly on word decoding across the different 
grades, L2 learners lagged behind in reading comprehension at all measurement 
moments. The discrepancy for reading comprehension prevailed over time, but 
did not increase. Strong autoregressive effects were found for word decoding and 
reading comprehension in L1 as well as L2 learners, and word decoding was a strong 
predictor of reading comprehension for both groups. Kindergarten cognitive and 
linguistic skills impacted word decoding and reading comprehension similarly 
in both groups, except that the prediction of word decoding development by 
grapheme-to-phoneme knowledge was stronger for L2 learners as compared to L1 
learners. 
Differences between L1 and L2 learners
Our first research question concerned to what extent L2 learners differed from 
L1 learners in kindergarten cognitive and linguistic skills, early word decoding 
development, and early reading comprehension. With regard to the comparisons 
of the full set of kindergarten characteristics, no differences were found for tasks 
measuring grapheme-to-phoneme knowledge, initial phoneme isolation, short-
term memory or nonverbal reasoning. This was as expected from previous literature 
(e.g., Geva et al., 2000), and has now been confirmed in a representative large scaled 
sample of the primary school population. However, L2 learners scored below L1 
learners on tasks measuring rapid naming, phoneme segmentation, and vocabulary. 
This is consistent with the hypothesis that L2 learners do not differ from L1 learners 
on grapheme-to-phoneme knowledge and memory skills, but do lag behind in 
vocabulary and rapid naming of familiar objects. Vocabulary and rapid naming 
profit from well-developed language skills (Babayiğit, 2014; Burgoyne et al., 2011). 
Although similar group levels for initial phoneme isolation skills were found, results 
indicated lower levels for L2 learners on the relatively more complex phonological 
awareness task of phoneme segmentation. This indicates that L2 learners are behind 
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in developing more complex phonological awareness at the end of kindergarten. 
It could be speculated that these results strengthen the suggestion of Verhoeven 
(2000) that incomplete auditory discrimination of phonemes in the second language 
might hamper the correct segmentation of orally provided words. More generally, 
this segmentation task requires readers to manipulate and remember phonemes 
in existing Dutch words, so L1 learners might have an advantage via their higher 
general vocabulary level (Lesaux & Siegel, 2003). With respect to the comparison of 
word decoding development, the results indicated that L2 learners did not differ 
from L1 learners on word decoding performance, and developmental structural 
relations were similar. This is in line with previous studies showing that L2 learners 
perform similarly or even better than L1 learners on word decoding (e.g., Babayigit, 
2014; Raudszus et al., 2018; Verhoeven & van Leeuwe, 2012). In contrast to the similar 
word decoding skills, the current data revealed a performance gap between L1 and 
L2 learners in terms of reading comprehension skills, which was already apparent in 
the earliest stages of reading development. Lower reading comprehension skills in L2 
learners were found in several other studies (see the meta-analysis by Melby-Lervåg 
and Lervåg, 2014), but was now established during the very early phases of reading 
comprehension development. To sum up, L2 learners lag behind in kindergarten 
rapid naming, phoneme segmentation, and vocabulary skills, as well as in reading 
comprehension in Grades 2 and 3 but not in word decoding in Grades 1 and 2. 
The delays in kindergarten precursors does not seem to impact their early word 
decoding development, but does impact reading comprehension development in 
later grades. 
Development of word decoding and reading comprehension
Our second research question addressed how early word decoding and early reading 
comprehension developed, and how both were determined by kindergarten 
cognitive and linguistic skills. Contributions were compared between L1 and 
L2 learners. Results on the early word decoding development indicated strong 
autoregressive effects, which was similar for both groups. High stability in early 
word decoding development was also found in previous studies (Schaars et al., 2017; 
Verhoeven & van Leeuwe, 2008) and was now also found explicitly for L2 learners. 
Furthermore, development of reading comprehension was also largely stable over 
time. Good reading comprehenders at the start of Grade 2 are likely to remain good 
reading comprehenders over time. High stability in reading comprehension was 
also found by, for example, Lerrkanen et al. (2004), and De Jong and Van der Leij 
(2002). This stability was now found for both L1 and L2 learners. In the transfer from 
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Grade 2 to Grade 3, stability was even higher for L2 as compared to L1 learners. High 
stability in L2 learners was found in previous studies too (Droop & Verhoeven, 2003; 
Netten, Droop & Verhoeven, 2011) but was not yet established in initial phases of 
development. The current findings reveal that the stable reading comprehension 
development of L2 learners is similar to the stability of L1 learners already from 
the very beginning of reading comprehension. The finding shows that from the 
very beginning, the predictability of the subsequent reading comprehension 
performances by autoregression is similar for both L1 and L2 learners. 
The integrated model of word decoding and reading comprehension describes 
the strong developmental prediction of reading comprehension by word decoding 
in Grade 1. This prediction was as expected from the literature on the Simple View 
of Reading (Gough & Tunmer, 1986), and has now been found to emerge from a 
developmental perspective throughout the initial primary grades. The integrated 
path model was similar for both L1 and L2 learners, indicating that groups did not 
differ in the predictability of reading comprehension by word decoding, despite 
the fact that L2 learners were delayed in reading comprehension skills. The current 
findings expand the Simple View of Reading (Gough & Tunmer, 1986) by showing 
that the influence of word decoding on reading comprehension is developmental 
in nature during the early grades of elementary school, and that this prediction path 
is similar in L1 and L2 learners.
Precursors of word decoding 
We further investigated how the integrated model of word decoding and reading 
comprehension was determined by kindergarten cognitive and linguistic skills. 
For both groups, word decoding was best predicted by grapheme-to-phoneme 
knowledge, rapid naming of objects, and short-term memory skills. These predictors 
have also been established in previous research on predictors of word decoding 
development (e.g., Schaars et al., 2017; Al Otaiba & Fuchs, 2002; Kirby et al., 2008; 
Landerl et al., 2013; Melby-Lervag et al., 2012; Moll et al., 2014) and were now shown to 
be similar in terms of first and second language reading. Over and above the direct 
contribution of rapid naming to the prediction of word decoding halfway Grade 
1 and the indirect contribution through the longitudinal model, additional direct 
contributions of rapid naming to word decoding at the end of Grade 1 and halfway 
Grade 2 were found. This suggests that rapid naming continues to contribute to 
word decoding development across time. Although similar prediction patterns 
occur, the prediction of word decoding development by grapheme-to-phoneme 
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knowledge was stronger for L2 learners as compared to L1 learners. This might 
relate to the finding of Segalowitz, Segalowitz, and Wood (1998) that automatic 
orthographic processes are later to develop in L2 learners. Therefore, the nonlexical 
route of reading (Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001) might be used in 
addition to the lexical route for a longer period during early development. Whereas 
L1 learners use the lexical (orthographic) route more, for L2 learners the support by 
good phonological recoding skills (using grapheme knowledge) might be more 
needed. 
Precursors of reading comprehension
Regarding the kindergarten prediction of reading comprehension in Grades 2 and 
3, vocabulary, phoneme segmentation, and short term memory skills contributed to 
reading comprehension development, over and above the strong developmental 
prediction by word decoding. The current finding of phoneme segmentation as a 
direct predictor of later reading comprehension is in line with previous findings that 
phonological awareness in kindergarten was an independent predictor of reading 
comprehension (Parrila, Kirby, & McQuarrie, 2004). However, not all studies found a 
relation between phonological awareness and reading comprehension (e.g., Oakhill 
& Cain, 2012). Further research on the prediction of reading comprehension by 
phonological awareness skills is warranted. Additional longitudinal contributions of 
visual short term memory and vocabulary to reading comprehension at the end of 
Grade 2 were found, over and above the indirect contribution that was established 
for the first measurement moment halfway Grade 2. These additional longitudinal 
contributions could be interpreted as developmental prediction effects, although it 
should be mentioned that the effects were small. No independent direct contribution 
of rapid naming to the prediction of reading comprehension was found, whereas 
rapid naming was found to be highly predictive of word decoding. Possibly, the 
speeded nature of RAN and word decoding efficiency explain this correlation (Kirby, 
Desrochers, Roth, & Lai, 2008). 
The predictive patterns from kindergarten to reading comprehension in later grades 
were similar for both groups, despite the fact that L2 learners scored lower than 
L1 learners on oral language skills and reading comprehension. Therefore, findings 
of the current fine-grained longitudinal design complement similar findings in the 
literature (Babayiğit, 2014; Burgoyne et al., 2011; Cain et al., 2000; Lerrkanen et al., 2004; 
Melby-Lervåg & Lervåg, 2014; Lervåg & Aukrust, 2010). 
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Limitations and future research
The following limitations should be taken into account, and addressed in future 
research on this topic. In addition to previous studies in the field, the early phases of 
reading comprehension were examined and related to the full range of kindergarten 
precursors of lexical quality and of memory skills, and to word decoding skills in 
Grades 1 and 2, in a truly longitudinal and fine-grained design. However, although 
the current focus was on studying the full range of precursor skills related to lexical 
quality and memory skills, the current study could have been enriched by broader 
(more constructs) as well as more in depth (more aspects within one construct) 
measures. For example, the battery could have been expanded by precursor measures 
of higher order skills such as grammatical skills, giving a more complete picture of 
children’s level of lexical quality. Also, although orthographic elements were tested 
with the grapheme-to-phoneme task, a task measuring spelling skills would have 
enriched the insights in orthographic skills. In addition, according to Perfetti (2007), 
the connection of the lexical quality with reading comprehension also requires a 
certain quality of knowledge about word forms (i.e., grammar). For example, Botting, 
Simkin and Conti-Ramsden (2006) found grammatical skills to be predictive of 
later reading comprehension of children with specific language impairments. 
It could be reasoned that inclusion of a measure of grammar skills would further 
explain variance in the current prediction models. Relevant to the current study, 
also, a more comprehensive insight in oral language proficiency (e.g., also including 
expressive syntax and listening comprehension) would have increased the impact 
of our conclusions (e.g., LARRC, 2015). For more in depth measuring of the constructs 
used, it would have been useful to create latent variables consisting of multiple 
skills. A combined (standardized) measure of receptive and expressive vocabulary 
would have comprised a more robust measure of the construct. Nevertheless, the 
current study offers an active vocabulary measure with a high reliability score to 
provide insight in the vocabulary of the children in the end of kindergarten. For 
practical and ethical reasons (viz., concise test battery) of the larger longitudinal 
study of which the current study is a part, oral language was not measured more 
extensively. 
Second, it should be noted that the current study focused on prediction from 
kindergarten cognitive and linguistic skills measured at one moment in time. 
However, longitudinal (repeated) data of the cognitive and linguistic skills might 
have been contributive. More specifically, to give a developmental perspective of 
the Simple View of Reading (Gough & Tunmer, 1989), it would be interesting to see 
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the prediction of reading comprehension by word decoding over time combined 
with the prediction by vocabulary over time.
Third, the study was conducted using a representative sample of the Dutch school 
going population, both in size and composition. Although representative, it is 
valuable to be aware of the disadvantages of such a large scaled heterogeneous 
longitudinal study. We especially focused on L2 learners, who have been labeled in 
the literature to be at risk for later reading comprehension problems. With respect 
to the subsample of second language learners, it was not always clear how frequent 
and in what contexts first or second languages were used in individuals. In addition, 
background languages and home language environments were widely variable. 
It would be useful to investigate the influence of the frequency and quality of 
language input in the home environment on reading development. In addition, with 
regard to the variety of first languages in the current sample, it should be noticed 
that characteristics of the specific orthographies might have their influence on the 
development of literacy skills in the second language of Dutch (Koda, 1996, but also 
see Akamatsu, 2002). For practical values and for transfer of the findings towards 
interventions in the daily classroom, this heterogeneous subsample was applicable, 
since the heterogeneity is a good reflection of Dutch multi-cultural society. 
Fourth, the current study was conducted in the context of Dutch orthography. 
Although this transparent orthography seems particularly suitable for studying the 
interrelation between word decoding, reading comprehension, and kindergarten 
precursors in first and second language learners, it could be hypothesized that 
the characteristics of this specific orthography have impacted the developmental 
trajectories of learning to read as well as the transfer between first and second 
language learning. Future research should be conducted to see whether these 
results replicate in other (more opaque) orthographies too. 
Implications for practice
The results of the current study have some clear practical implications. Many schools 
already use kindergarten screening of phonological awareness and grapheme 
knowledge to arrive at an early identification of children at risk for later word reading 
problems. Indeed, these precursors have been evidenced to be predictive of word 
decoding development. However, the current study indicated that it cannot simply be 
assumed that the same precursors are the best predictors for reading comprehension. 
Kindergarten literacy skills including the full range of precursors of lexical quality and 
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of memory skills were evidenced to add to the identification of children at risk for 
literacy problems. Specifically, vocabulary, memory skills, and word decoding skills 
are the best predictors for later reading comprehension problems, and turn out to 
be valuable for insight into later reading development. Reading comprehension two 
years later was predicted by kindergarten cognitive and linguistic skills, even over 
and above the contribution of word decoding skills. Along with a growing body of 
research findings, we therefore advise special attention to children who lag behind 
in kindergarten cognitive and linguistic skills such as vocabulary, since it turns out 
to be difficult to catch up later during literacy development (Verhoeven, 2000). 
Especially, we emphasize the need for early enrichment for L2 learners to reduce 
or prevent later reading comprehension difficulties in L2 learners. Early enrichment 
could involve Early Childhood Education and Care (ECEC; Leseman & Slot, 2014; 
OECD, 2018), which provides L2 learners with specific opportunities to encounter, 
use, and practice the second language. This is enhanced by storybook reading, rich 
and meaningful play contexts using oral language, and implicit and explicit cognitive 
and linguistically-based learning experiences. Also, if possible, parents should be 
involved in the learning experiences in the ECEC program, to stimulate further 
practice of language skills at home (e.g., storybook reading). The impact of the delay 
in L2 learners in terms of kindergarten vocabulary, rapid naming, and phoneme 
segmentation might be overlooked, since this delay does not immediately impact 
the early word decoding development in Grade 1. However, results of the current 
study clearly show that it does impact reading comprehension development in later 
grades. This, in turn, might also affect general academic performances, suggested by 
the secondary school Programme for Internal Student Assessment (PISA), in which 
L2 learners still tend to achieve below the national average on a variety of academic 
domains (Stanat & Chistensen 2006). The finding of similar stability in autoregressive 
effects for both L1 and L2 reading comprehension, implies that similar approaches 
may be used for L2 learners in terms of reading comprehension instruction. Rather, 
there should be early differentiation in instruction based on actual performances 
on reading comprehension in general. Poor comprehenders in Grade 2 should 
be signaled early and immediately get extra support, to avoid lagging behind in 
later grades. The finding of interrelatedness between word decoding and reading 
comprehension in both L1 and L2 learners, implies that both classroom instruction 
and individual intervention should emphasize the integration of skills that are 
involved in word decoding and reading comprehension.
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Conclusion 
To conclude, the current study highlights the comparable developmental trajectories 
of early word decoding and reading comprehension in first and second language 
learners. The groups perform similar on kindergarten grapheme-to-phoneme 
knowledge, phoneme isolation, nonverbal reasoning, memory skills, and on later 
word decoding development. However, the groups do differ in semantically related 
kindergarten skills of RAN, phonological awareness, and vocabulary, and on reading 
comprehension scores. Both groups build upon kindergarten predictors for both 
word decoding and reading comprehension. 
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Word decoding, spelling, and reading comprehension are three core components in 
the field of learning to read. Proficiency in these skills is prerequisite for prospective 
academic development. Despite the large amount of studies focusing on reading 
and reading problems, most of the knowledge is from small experimental samples 
and from measurements beyond the first phases of learning to read. Only few studies 
have focused specifically on how early reading skills develop, how reading and 
spelling components are interrelated, and how individual variation can be explained. 
In the current dissertation, two overarching research questions were examined 
to further address this issue. The first question referred to examining how word 
decoding, spelling, and reading comprehension develop, and how developmental 
trajectories are related to each other. The second question focused on the prediction 
of reading from individual variation in cognitive and linguistic measures, family risk 
for dyslexia, and linguistic diversity. In the first part of this general discussion, findings 
on the integrated processes of early reading and spelling development are reviewed 
in terms of the fine-grained longitudinal development during Grade 1, 2 and 3. These 
grades comprise the critical transition points in learning to read, including important 
developmental steps from learning to read to reading for learning. In the second 
part of this chapter, the developmental perspectives are discussed in relation to 
variation in underlying child profiles and family factors. This final chapter reviews the 
general conclusions of the studies that were conducted for the current dissertation 
in terms of impact, limitations, suggestions for future research, and implications for 
educational practice. 
Interactive processes of learning to read
In order to answer the first research question concerning the early development 
of reading, three components of learning to read were longitudinally studied. It 
was expected that high stability in individual variation would be found for all three 
components of word decoding, spelling, and reading comprehension. With regard to 
the integrated development of these subskills, it was expected that word decoding 
would predict both the development of spelling and of reading comprehension 
later in time. The results of this dissertation confirm these hypotheses.
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Word decoding development
Individual variation in word decoding development during the first five months of 
formal reading instruction was shown to be highly stable over time, already from 
4 weeks of instruction on (Chapter 2). The studies in Chapter 3 and 5 showed that 
stability of word decoding remained throughout the first two grades, even when 
examined with transfer to standardized measures across larger time intervals of 
6 months. To a large extent, word decoding skills can thus be predicted by levels 
earlier in time from the very beginning of formal reading instruction (from during, 
instead of after phases of mastering the alphabetic principle). The results from the 
present dissertation indicated that previously evidenced stability in word decoding 
development (e.g., Caravolas et al., 2013; Steacy et al., 2014; Verhoeven & van Leeuwe, 
2009) is already evident in the first months of learning to read. It is important to 
note that the results showed stability in the transfer from incrementally built-up 
word decoding skills during curriculum embedded word decoding tasks towards 
the efficient decoding of new, non-trained words in standardized word decoding 
tests (Chapter 2 and 4). These results support the previously suggested mechanism 
that children are able to decode all words they encounter after mastering the 
fundamental phonological recoding skills (Ehri, 2005; Share 2004). 
Furthermore, it was evidenced that word decoding improved and became more 
efficient after each month of formal instruction, despite the incremental character 
of the first measurements. The longitudinal analyses throughout this dissertation 
indicated that this trend of growing word decoding efficiency continued over the 
early primary school years (Grade 1 and 2). Perfetti and Hart (2002) proposed that 
word decoding will grow more efficiently as children’s mental lexicon becomes 
better specified, as was also explained in the self-teaching hypothesis of Share (1995). 
From our findings on the attainment of early word decoding efficiency, it can be 
concluded that correspondences between orthography and phonology consolidate 
early in perspective of efficient word identification, at least in a transparent 
orthography like Dutch.
Spelling development
Spelling development was found to be stable over time as well (Chapter 3). However, 
when comparing the measured autoregression in word decoding development 
(Chapter 2, 3 and 5) and spelling development (Chapter 3), the stability of spelling 
development turns out to be somewhat smaller. This finding is in line with previous 
findings (Desimoni, Scalisi, & Orsolini, 2012; Pinto, Bigozzi, Tarchi, Gamannossi, & 
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Canneti, 2015), and indicates stronger developed consolidation of grapheme-to-
phoneme knowledge as compared to the phoneme-to-grapheme knowledge 
(also see Van Orden et al., 1990). Therefore, in light of the triangle model of reading 
(Harm & Seidenberg, 2004; Plaut et al., 1996), the current dissertation confirms an 
asymmetry in the reciprocal consolidation of (backward and forward conversion of ) 
phonology and orthography. 
Although spelling development in Grade 1 and 2 was found to be stable in itself, of 
course not all variation in the development was explained by the autoregressive 
effect. When word decoding and spelling were longitudinally related in an integrated 
design, it was found that word decoding and spelling reinforce each other in their 
development. It can be concluded that children longitudinally apply their learned 
knowledge of word decoding to their development of spelling skills. Still, the cross-
domain contributions of word decoding to spelling were found to be weaker and 
inferior to the autoregressive stability paths of both word decoding and spelling. 
This result indicates that word decoding and spelling should be interpreted as stable 
but interdependent processes. Importantly, cross-domain contributions of word 
decoding on spelling development were found later during spelling development 
(Grade 2; not yet in Grade 1). This seems to indicate that spelling development profits 
from word decoding skills as soon as higher levels of orthographic representation 
are required in spelling performances. Overall, the current findings in spelling 
development in the transparent Dutch orthography are in line with previous findings 
from research in English as an opaque orthography (Abbott et al., 2010; Ahmed et al., 
2014; Ellis, 1994; Foorman et al., 2011; Shanahan, 2006).
Reading comprehension development
In a longitudinal design, the prediction of early word decoding development 
was extended up to Grade 3 reading comprehension as described in Chapter 5. 
This population wide sample study showed that early reading comprehension 
also develops in a highly stable way, and is strongly predicted by previous word 
decoding skills. It can be concluded that the prediction of reading comprehension 
by word decoding skills, as described previously (Foorman,1997; Garcia & Cain, 2014; 
Gough & Tunmer, 1986; Perfetti, 1992; Perfetti & Stafura, 2014; Stanovich, 2000), shows 
longitudinal contributions from the initial primary grades on. 
In comparison with the longitudinal prediction of spelling by word decoding 
(Chapter 3), the prediction of reading comprehension by word decoding (Chapter 5) 
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is somewhat different in nature. The first prospective contribution of word decoding 
in the end of Grade 1 towards reading comprehension half a year later is relatively 
high. The next longitudinal contribution is remarkably lower and a comparable low 
reciprocal contribution of reading comprehension to word decoding was found. In 
spelling, on the other hand, strong and stable longitudinal prospective contributions 
of word decoding to spelling were remained over time. This might imply that word 
decoding remains a continuing source for further spelling development, whereas 
it merely functions as a prerequisite for the kickstart of reading comprehension. 
This suggestion is in line with other literature (Foorman, Petscher, & Herrera, 2018) 
assuming that word decoding highly stimulates early reading comprehension and 
that other components like language comprehension have a larger impact on 
reading comprehension later on.
Variation in learning to read
With regard to the second research question about variation in early reading 
development, two perspectives have been taken. The first perspective demonstrates 
how the development of early word decoding, spelling, and reading comprehension 
was predicted by cognitive and linguistic child characteristics concerning phonemic 
awareness, grapheme-to-phoneme knowledge, rapid naming, vocabulary, and 
short term memory measured by the end of kindergarten. The second perspective 
attempts to explain the variation in learning to read in terms of family characteristics 
of risk for dyslexia and of linguistic diversity.
Precursors of learning to read
Several studies have shown that different components of reading (word decoding, 
spelling, and reading comprehension) demand different skills and are predicted by 
different compositions of cognitive and linguistic child factors (e.g., Papadimitriou 
& Vlachos, 2014; Perfetti & Stafura, 2014). In the current dissertation, the variation 
in a wide scope of factors was measured, resulting in a child profile of individual 
performances on phonological, orthographical, semantic, and memory skills. This 
child profile was related to the longitudinal development of three components of 
learning to read. Findings were in line with the expectation that code-based skills 
of phonological awareness and grapheme-to-phoneme knowledge would be 
especially predictive for later word decoding development and for spelling (Chapter 
2 and 3), whereas the meaning-based skill involved in the vocabulary task would be a 
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prominent predictor for later reading comprehension (Chapter 5). As expected it was 
also found that lexical retrieval skills as measured in rapid naming were particularly 
relevant in predicting word decoding efficiency, and that short term memory was 
directly predictive for the developmental domains of word decoding and reading 
comprehension. 
An important finding with regard to the second research question of the current 
dissertation was the omnipresent influence of phonological awareness in the 
prediction of learning to read. Apart from word decoding development, also spelling 
in Grade 1 and 2 (Chapter 3) and reading comprehension in Grade 2 and 3 (Chapter 5) 
were directly predicted by phonological awareness skills. One explanation for the high 
predicting value of phonological awareness skills in all domains of learning to read, 
might be the prominent role of phonological information in the core component 
skill of reading, namely word decoding. This prominent role of phonology in word 
decoding has been theoretically described in the Lexical Quality theory (Perfetti, 
2007) and the Triangle model of reading (Harm & Seidenberg, 2004; Plaut et al., 1996; 
Seidenberg & McClelland, 1989) and the evident position of word reading and related 
skills in the development of reading comprehension, has been emphasized in the 
Reading System Framework of Perfetti and Stafura (2014). This current population 
wide study of early reading development in the transparent orthography of Dutch 
empirically evidenced that phonological awareness skills contribute to the direct 
prediction of all core elements of learning to read. 
In addition to phonological awareness skills, rapid naming was found to be highly 
predictive for the development of word decoding efficiency. That was shown already 
during the incremental building of the alphabetic principle (Chapter 2 and 4), and with 
ongoing (direct) contributions later during Grade 1 and Grade 2 (Chapter 3 and 5). This 
suggests that rapid naming remains longitudinally contributive to word decoding 
development. In contrast, no direct contribution of rapid naming on the prediction 
of spelling was found (Chapter 3), nor on reading comprehension (Chapter 5). It 
has been argued that rapid naming skill reflects orthographic processing skills like 
lexical retrieval (Moll et al., 2014). Although some orthographic processing skills were 
assumed in spelling activities, automatization of lexical retrieval turned out to be less 
important for the prediction of spelling development. Children learning to spell in 
Dutch orthography profit more from well-developed phonological awareness skills 
than from rapid naming skills. Previous literature in other orthographies (Chinese, 
Finnish, and English) also found rapid naming to be prominent in the prediction of 
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word decoding but not in the prediction of spelling (Georgiou, Aro, Liao, & Parrila, 
2016; Verhagen et al., 2010; but see Lervag & Hulme, 2010). It comes along (and should 
be noted) that, apart from reflecting orthographic processing skills, rapid naming 
skills are also a reflection of speed of cognitive processing in general. During spelling 
and reading comprehension measurements, no speed element was measured in 
contrast to measurements of word decoding efficiency (e.g., Kirby, Desrochers, Roth, 
& Lai, 2008; Lervåg & Hulme, 2010).
Concerning the other cognitive and linguistic factors studied in the current 
dissertation, results indicated that vocabulary knowledge was a particularly strong 
predictor of reading comprehension (Chapter 5). That is in line with theories 
explaining the crucial role of lexical quality in reading comprehension (Perfetti, 2007). 
Furthermore, current research indicated the predicting role of verbal and visual short 
term memory in both word decoding and reading comprehension development 
(Chapter 2 and 5). The predicting role of visual memory on reading performances 
has been evidenced before (Van den Boer et al., 2013; Bosse and Valdois, 2009), and 
was now also indicated during the first months of reading instruction. The fact that 
direct contributions of verbal short term memory skills come in only later during 
developmental steps for both word decoding (after three monthly measurements; 
Chapter 2) and reading comprehension (after the second Grade 2-measurement six 
months later; Chapter 5), might indicate the specific role for (verbal) memory skills 
as soon as tasks become more demanding in terms of either more complex word 
structures, or more complex text structures. 
Concerning the longitudinal prediction of word decoding development by 
cognitive and linguistic factors, it is pronounced that results in Chapter 3, 4, and 
5 expand findings of Chapter 2 in showing that the kindergarten characteristics 
remained predictive for the development of word decoding efficiency beyond the 
phase of mastering the alphabetic principle. That means that the same cognitive 
and linguistic kindergarten skills impact word decoding over at least the first year 
of reading instruction. This can be explained by the stable nature of the word 
decoding skill in learning to read in Dutch. In Dutch, word decoding development is 
a matter of growing efficiency (accuracy per time element) from the very beginning 
of formal reading instruction (Chapter 2). The current dissertation showed ongoing 
development of word decoding efficiency in Grade 1 and 2 (Chapter 3, 4 and 5).
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The findings of the current longitudinal study highlight the important influence of 
phonological, orthographic, semantic, and memory skills in children’s early reading 
development. The precursor skills differentially relate to the components of reading 
development. 
Specific family risk factors of learning to read
In comparison to the population wide sample, variation in early reading development 
has been examined from the perspectives of two subsamples at specific family risk 
for reading problems (Chapter 4 and 5). In Chapter 4, the disadvantages for children 
at family risk for severe reading problems (at least one family member was diagnosed 
with dyslexia) were shown. It was found that being at risk for dyslexia impacted 
code-based skills, including phonological awareness and actual word decoding 
development from the very beginning of learning to read. After five months of 
instruction, the performance gap between children at risk and their controls set 
stable for straight-forward ‘simple’ word decoding development. However, the gap 
increased again during development of more advanced word decoding skills. The 
results indicated that children at family risk are sensitive to increasing task demands 
concerning code-based skills. With regard to the kindergarten cognitive and linguistic 
measures, it was found that the children at risk differ from controls on phonological 
awareness skills, but not on rapid naming, vocabulary, and short term memory skills. 
Results thus suggest that the later delays in word decoding efficiency are influenced 
by children’s lower phonological awareness. In line with the phonological deficit 
hypothesis for children with dyslexia (DeHaene, 2009; Ziegler, Perry, & Zorzi, 2014), the 
current findings confirm that phonological awareness deficits negatively contribute 
to the development of orthographic representations. 
In Chapter 5, the impact of learning to read in a second language was examined. In 
contrast to children at risk for dyslexia, it can be concluded that children learning 
to read in a language different from their home language (L2-learners) are not at 
specific risk for code-based reading problems. Instead, they risk meaning-based 
reading problems, including problems with vocabulary, lexical retrieval, and 
reading comprehension (see Babayigit, 2014; Burgoyne, Whiteley, & Hutchinson, 
2001; Cain, Oakhill, & Bryant, 2000; Geva & Farnia, 2012; Melby-Lervag & Lervag, 
2014). Although the risk group of L2-learners consistently scored below L1-learners 
in reading comprehension tasks, the discrepancy in reading comprehension 
skills did not increase during the developmental period from Grade 2 towards 
halfway Grade 3. Results indicated that L2-reading problems were not sensitive to 
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increasing complexity of the tasks. Since the current integrated prediction model 
of reading comprehension (Chapter 5) indicated that reading comprehension was 
predominantly predicted by word decoding skills and vocabulary skills, it might be 
concluded that the lag of L2-learners in reading comprehension skills specifically 
derives from their delay in vocabulary skill (after all, word decoding was similar for 
L2-learners and controls). 
With respect to the study of specific subsamples at family risk, it can be concluded 
that reading development of children at risk for dyslexia (Chapter 4), as well as of L2- 
learners (Chapter 5), is affected by children’s lower levels on specific cognitive and 
linguistic skills in kindergarten. L2-learners stay behind in their reading development 
due to a language delay, whereas children at risk for dyslexia do so due to a code-
based phonological deficit.
Limitations and future directions
Results of the current dissertation should be interpreted in view of some limitations 
which may give rise to suggestions for future research in this field. In the first place, 
it should be acknowledged that curriculum-embedded measurements were used 
to conduct the monthly word decoding measures during the first months of formal 
reading instruction. To face up to the actual detailed steps of early development, 
this comprised incremental measurements. That implies that the first increase in 
the measurements of word decoding could not be interpreted as absolute growth, 
possibly overlooking the actual growth trajectories of young children’s reading. In 
order to nonetheless interpret these incremental results in a broader perspective, 
outcomes were related to standardized measures from beyond the first months 
of reading instruction. The present goal was to unravel processes associated with 
learning to read during, instead of after, mastering the alphabetic principle. It would 
therefore not have been useful to use standardized word decoding tests immediately, 
since floor level scores might have been the result. 
Second, it should be noticed that in the vast majority of cases single measurements 
were used for most constructs studied in the current dissertation (but see the latent 
variable of Early literacy to answer the research questions in Chapter 2 and 3). That 
means, for example, that only one measure of vocabulary (productive vocabulary) 
and one measure of rapid naming skill (object naming) was used. The latter measure 
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of rapid naming in the current study is preferred in measuring automated retrieval in 
prereaders (e.g., Kirby et al., 2010; Lervåg & Hulme, 2009). In a similar vein, one measure 
per time moment was used for measuring the actual reading components. In future 
research, latent variables consisting of more reading measures at one moment could 
add to the robustness of the found models. Specifically, for the more complex and 
higher order skills of reading comprehension and spelling. In addition, but beyond 
the scope of the current research goals, a more comprehensive battery of predictors 
for the reading components could have been argued for to provide a more complete 
picture of influencing factors. For example, insight into morphological, syntactical, 
and prereading knowledge would have been of specific interest.
Third, the current dissertation focused on the population wide study of individual 
variation in learning to read. This was related to cognitive and linguistic skills, family 
risk for dyslexia, and linguistic diversity. Future research could elaborate on the 
current prospective insights by studying children who are actually diagnosed with 
dyslexia themselves. Furthermore, the current study did not take into account the 
variation in home literacy environment and school environment. Daily curriculum 
was protocolized, and repeated measurements were standardized in order to 
attempt to a windowed, uncluttered insight in reading development. However, 
despite the overall similar curriculum use, it should be taken into account that 
the children learned to read in different school environments and from different 
teachers. Teachers might have influence on the diversity in reading development 
(Aikens & Barbarin, 2008; Chiu & McBride-Chang, 2006; Darling-Hammond & Youngs, 
2002). In addition, children have different home environments concerning literacy 
stimulation. Complementary future research controlling for different school settings, 
and with knowledge of home literacy stimulation, might deepen the knowledge 
about specific influences of the home literacy environment, the teacher, and the 
school. Related to this generalization issue, it should be noted that the current results 
hold for the transparent orthography of Dutch and within the Dutch educational 
system of highly systematic phonics instruction. Although this combination of 
transparent orthography and systematic educational contexts allows drawing 
general conclusions about the uncluttered uncomplicated processes of learning to 
read, the precise compositions of precursor influences and the absolute time course 
of the developmental phases might differ in other orthographies and in other 
countries. It would be highly valuable to reproduce and compare the current large 
scaled longitudinal design in other orthographies.
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Fourth, but in a similar vein, it could be argued that detailed insights were overlooked 
in our studies of specific subsamples at risk. We aimed at studying the whole range 
of children at risk for dyslexia, and the whole range of children learning to read in a 
second language. As a matter of course, these populations have a heterogeneous 
composition. It might be useful for future research to take into account the severity 
of dyslexia running in the family, and the variety of children’s use of languages in 
their homes. 
To conclude, future research could add to the current insights in variation in early 
reading development by further studying specific contributions of cognitive and 
linguistic skills, and a more specific focus on the home literacy environment and 
school settings. 
Educational implications
From the current dissertation, possible useful educational insights can be derived for 
primary school teachers, school administrators, and policy makers. First, the present 
dissertation emphasizes the relevance for children to keep on track during early 
reading development, since high longitudinal stability in individual variation within 
and between reading and spelling components was evidenced. For educational 
practices, it is of importance that the reading performances which incrementally 
develop are stable over time. Every following step is highly predicted by previous 
steps in learning to read. In fact, the impact of previous skills was even found in the 
transfer from word decoding skills to spelling and reading comprehension, showing 
incremental development in the interaction between the reading components. 
This was found not only within the actual reading development components, 
but also in the transfer from cognitive and linguistic prereading skills towards 
actual reading and spelling. The combination of high stability within reading and 
spelling components, and the clear interaction between word decoding, spelling, 
reading comprehension, and related cognitive and linguistic skills, emphasize the 
relevance for teachers of being aware of small delays in all reading and reading 
related components from the very beginning of formal reading instruction. Teachers 
are encouraged to pay attention to recover these small delays in order to prevent 
children from later more severe reading problems. If children lag behind during 
one formative measurement, the treated subject matter during that phase in the 
curriculum should be repeated and practiced again instead of merely continuing 
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to the next chapter of the curriculum. In the current sample, this procedure was 
more or less prescribed during the first year of formal reading instruction (Mommers 
et al., 2003), but continued in subsequent grades with a less systematic curriculum 
focused on reading comprehension. 
Secondly, we showed how children may benefit from well-developed kindergarten 
precursor skills, leading to more successful reading development over time. The 
current findings emphasize that precursors related to lexical quality (Perfetti, 2007) 
should be considered already in kindergarten. For example, stimulating awareness 
in phonics based tasks, and training of vocabulary skills add to later reading 
performances. Although vocabulary is not directly contributive in the prediction 
of Grade 1 word decoding development, the impact of kindergarten vocabulary 
becomes even the more visible during (Grade 2 and 3) reading comprehension 
development three years later. It should be noted that not all cognitive skills could 
be trained, and training of a specific task does not always lead to transfer to the 
general skill (e.g., rapid naming and memory; Melby-Lervag, Redick, & Hulme, 2016).
Thirdly, this project gives rise to the recommendation for early screening of children 
at risk for dyslexia based on family profiles. These children at risk are in need for 
extra attention during reading development and related skills, both from home 
environment and in school settings. In a similar frame of mind, the current project 
emphasizes the need for attention to linguistic diversity in learning to read. Proper 
developed vocabulary knowledge was shown to have a long standing influence on 
the development of later reading comprehension. Therefore, the results provide a 
strong indication that early language enrichment for L2-learners (e.g., by providing 
ECEC; “Early childhood Education and Care”; Leseman & Slot, 2014; OECD, 2018) might 
influence academic success on the long term. 
As a final comment on the practical implications of the current dissertation, the 
results show how a broad variety of reading components and cognitive and linguistic 
prereading skills connect and interact with each other. It might, therefore, be too 
limited to solely focus on the specifically expressed problem component of children 
at risk or of children with actual established reading problems. Explicit instruction 
and practice of orthographic-phonological connections should, for example, come 
in conjunction with instruction of connections to semantic skills and comprehension. 
This phonics based approach should be embedded in meaningful contexts in 
order to simultaneously build better connections towards semantical information. 
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In addition, in the transitional development from oral towards reading vocabulary, 
we advocate for the use of explicit instruction of orthographic-phonological 
connections (through word reading), as well as of phonological-orthographic 
connections (through spelling). Embedding an integrated approach not only 
establishes a robust curriculum for learning to read for all children. It also allows for 
instantly monitoring the progress in learning to read, in line with a dynamic system 
approach of development. Multiple components could be assessed over time and 
their relationships could be interpreted. Therefore, immediate extra support could 
be provided for children at risk for reading problems, since tasks could be modified 
to individual variations as soon as deviations in development encounter. Our intend 
is not to argue against specific focus on problem domains as soon as they encounter. 
However, current results clearly show that all reading components influence and 
interact closely with each other. Therefore, we advocate for preventively focusing 
on more than one aspect of learning to read in an integrated approach of learning 
to read. 
Conclusion
To conclude, results of the present dissertation expand our knowledge of how early 
word decoding, spelling, and reading comprehension develop, how these elements 
of early reading development are interrelated, and how this is incited prospectively 
by individual variation in cognitive and linguistic, as well as family risk and language 
background related profiles. High developmental stability was shown for the whole 
range of reading skills (word decoding, spelling, reading comprehension) from 
the start of reading instruction up to halfway Grade 3. In addition, word decoding 
development was found to longitudinally cross-contribute to the development 
of both spelling and reading comprehension skills. Therefore, the study indicates 
the longitudinal interrelation between orthographical, phonological, and semantic 
aspects in early reading development. The present dissertation indicates the 
processes of learning to read in a population wide sample, as well as in subsamples 
of children with specific profiles of family risk for dyslexia and of linguistic diversity 
to be highly related and highly dependent of cognitive and linguistic affordances 
attained already during kindergarten. 
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Variatie in de Vroege Leesontwikkeling
Alles is moeilijk voordat het makkelijk is. Leren lezen en spellen ook. Voor iedereen. 
Maar niet voor iedereen wordt het uiteindelijk even makkelijk. Het varieert hoe 
goed mensen zijn in lezen en spellen, maar het is nog lang niet duidelijk waar die 
variatie precies door komt. We vermoeden dat die variatie zich al heel vroeg in de 
leesontwikkeling openbaart. Het is daarom opvallend dat relatief weinig onderzoek 
zich gericht heeft op de allereerste stappen in het leren lezen en spellen en op de 
factoren die kunnen voorspellen hoe de vroege ontwikkeling zal gaan verlopen. Hoe 
meer we weten over hoe verschillende mensen leren lezen en spellen, des te beter 
kan onderwijs zich richten op een goede ontwikkeling van geletterdheid voor alle 
kinderen.
Dit proefschrift gaat daarom over de variatie in de vroege leesontwikkeling. Er is 
onderzoek gedaan in een groep van meer dan 1000 kinderen verspreid over meer 
dan 35 basisscholen in heel Nederland. Daardoor zijn de resultaten representatief 
voor de leesontwikkeling van alle kinderen in Nederland. De leesontwikkeling van 
de kinderen is nauwgezet gevolgd vanaf eind groep 2 (als ze nog geen leesonderwijs 
krijgen) tot en met halverwege groep 5 (als ze overstappen van leren lezen naar lezen 
om te leren). Daardoor kon een overzicht worden gemaakt van de hele kritische 
periode van leren lezen en schrijven. Bovendien konden zo alle onderdelen van het 
leren lezen met elkaar in verband gebracht worden. Het onderzoek toont niet alleen 
de variatie in de vroege leesontwikkeling in het algemeen, maar onderzocht ook 
doelgroepen met specifieke risico’s op latere leesproblemen.
Achtergrond 
Onderliggende vaardigheden van lezen en spellen hebben te maken met drie 
hoofdcomponenten van de geletterdheid. Namelijk de fonologie (klankeninformatie), 
de orthografie (regels van de geschreven taal) en de semantiek (betekenisleer). 
Door resultaten uit eerdere onderzoeken denken we dat deze componenten in 
verschillende samenstellingen van invloed zijn op het uiteindelijke woord lezen, 
spellen, en begrijpend lezen. Op allerlei punten in deze onderlinge verbanden en 
netwerken kan variatie optreden. Het kan bijvoorbeeld zo zijn dat bepaalde kinderen 
moeite hebben met fonologie, wat invloed kan hebben op het lezen van woorden. 
Het kan ook zo zijn dat kinderen juist moeite hebben met semantiek, wat invloed 
kan hebben op het begrijpend lezen.
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Uit eerder onderzoek blijkt dat daarnaast ook specifieke kenmerken van de 
familie voor variatie in leesontwikkeling kunnen zorgen. Zo hebben kinderen een 
extra risico op woordleesproblemen als hun ouders of broers en zussen ernstige 
woordleesproblematiek (dyslexie) hebben. Dat lijkt namelijk een erfelijk bepaalde 
factor te zijn. Ook blijkt dat variatie in leren lezen mede bepaald wordt door de 
thuistaal van de kinderen. Als kinderen thuis een andere taal spreken dan de taal 
waarin zij leren lezen op school, dan is er een groter risico dat ze achter komen te 
lopen met begrijpend lezen.
Onderzoeksdoelen
Hoewel er dus al een en ander bekend is over hoe cognitieve en taalkundige 
componenten en familierisicofactoren betrokken zijn bij het proces van leren lezen, 
is het nog verre van duidelijk hoe dat allemaal samenhangt en hoe dat er dan uitziet 
aan het prille begin van het leren lezen. Daardoor weten we nog niet goed hoe 
kinderen in het begin precies leren woord lezen, spellen, en begrijpend lezen en 
waarom de uiteindelijke leesvaardigheid van kinderen zoveel van elkaar verschilt. 
Om daar meer inzicht in te krijgen, worden in dit proefschrift vier onderzoeken 
naar de variatie in vroege leesontwikkeling gepresenteerd, met daarin speciale 
aandacht voor de onderliggende cognitieve en taalkundige vaardigheden en 
familiekenmerken. De hoofdvragen van het proefschrift zijn: 
1.  Hoe ontwikkelen vroege woordleesvaardigheden, spellingvaardigheden en 
begrijpend lezen zich en hoe hangen die ontwikkelingspaden met elkaar 
samen?
2.  Hoe worden de ontwikkelingspaden voorspeld vanuit de individuele variatie 
in cognitieve en taalkundige eigenschappen? En wat is de invloed op de 
leesontwikkeling vanuit familierisico op dyslexie of het leren lezen en schrijven 
in een andere taal dan de thuistaal?
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Woord lezen
Het huidige onderzoek (Hoofdstuk 2, 4 en 5) laat zien dat Nederlandse kinderen na 
een half jaar leesonderwijs in groep 3 over het algemeen alle geschreven woorden die 
zij tegenkomen kunnen omzetten in gesproken woorden (decoderen). Bovendien 
blijkt dat kinderen zichzelf al vanaf de eerste maand in groep 3 ontwikkelen in de 
efficiëntie waarmee ze dat doen. Die efficiëntie blijft toenemen in de tweede helft 
van groep 3 en in groep 4. De kinderen kunnen dus steeds meer woordjes in korte 
tijd op een juiste manier lezen. Er is wel grote variatie in hoe goed de kinderen daarin 
zijn en hoe snel ze zich ontwikkelen.
De woordleesontwikkeling heeft een stabiel zelfvoorspellend karakter (de ontwikkeling 
is autoregressief ). Dat wil bijvoorbeeld zeggen dat als een kind zwak leest aan het 
begin van groep 3, de kans groot is dat dit kind ook zwak blijft lezen gedurende 
de rest van de leesontwikkeling. De resultaten laten zien dat deze stabiliteit in de 
voorspelbaarheid zich doorzet in de tweede helft van groep 3 en in groep 4. 
Spelling
In Hoofdstuk 3 is de spellingontwikkeling onderzocht. Er blijkt al vanaf het begin van 
het leren spellen grote variatie in de spellingsbekwaamheid van de kinderen. Ook 
blijkt dat spelling, net als woord lezen, een voorspellende waarde heeft voor zijn 
eigen ontwikkeling en dat dit standhoudt in de overgang van groep 3 naar groep 4. 
De voorspellende waarde is wel wat minder sterk dan bij de woordleesontwikkeling. 
Daarom concluderen we in dit proefschrift dat de omzetting van geschreven 
tekens naar klanken (zoals bij lezen) gemakkelijker beklijft en automatiseert dan de 
omzetting van klanken naar geschreven tekens (zoals bij spelling). 
In ons onderzoek hebben we de ontwikkelingspaden van woord lezen en van 
spellen met elkaar in verband gebracht. Daaruit wordt duidelijk dat kinderen hun 
woordleesvaardigheid inzetten voor het ontwikkelen van hun spellingsvaardigheid. 
Die invloed wordt pas in groep 4 goed duidelijk. Daarom wijzen de resultaten er op 
dat spellingsontwikkeling pas echt profiteert van woordleesvaardigheden zodra de 
spellingtaken moeilijker worden. In groep 4 gaan kinderen bijvoorbeeld woorden 
met complexe medeklinkerclusters (zoals ‘klooster’), of onregelmatige woorden 
(zoals ‘flat’) leren spellen.
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Begrijpend lezen
In het huidige proefschrift is de ontwikkeling van begrijpend lezen onderzocht 
van half groep 4 tot aan half groep 5 (Hoofdstuk 5). Het onderzoek toont aan 
dat begrijpend lezen zich, net als woorddecoderen en spelling, in een stabiel 
voorspellingspatroon ontwikkelt. 
We hebben het ontwikkelingspad van begrijpend lezen in verband gebracht met 
de ontwikkeling van woordleesvaardigheden in groep 3 en 4. Daaruit blijkt dat 
woordleesvaardigheid al vanaf het begin van de leesontwikkeling een belangrijke 
bijdrage levert aan de ontwikkeling van begrijpend lezen. Hoewel woord lezen 
een blijvende voedingsbron bleek voor de spellingontwikkeling, blijkt het voor 
begrijpend lezen meer een vereiste vaardigheid om het begrijpend lezen een soort 
kick-start te geven. Na die kickstart worden waarschijnlijk andere vaardigheden, 
zoals woordenschat en grammatica, steeds belangrijker om het begrijpend lezen te 
ondersteunen.
Variatie in voorspellende kleutervaardigheden
In groep 2 werden verschillende cognitieve en taalkundige vaardigheden van 
de kinderen gemeten, waaronder letterklankkennis, fonologisch bewustzijn, 
geautomatiseerd en snel benoemen van plaatjes (rapid naming), woordenschat, en 
verbaal en visueel korte termijn geheugen. In de onderzoeken in dit proefschrift 
is steeds te zien welke vaardigheden voorspellend zijn voor respectievelijk woord 
lezen, spellen en begrijpend lezen. 
Fonologisch bewustzijn was de enige maat die voorspellend was voor alledrie de 
leescomponenten (dus zowel voor woord lezen, spelling, en begrijpend lezen). 
Scores op woord lezen en begrijpend lezen werden bovendien beiden voorspeld 
door het korte termijngeheugen van de kinderen. Dat werd echter pas wat later 
in de ontwikkeling voorspellend. Dat zou een indicatie kunnen zijn dat geheugen 
vooral een rol gaat spelen als taken meer-eisend en complexer worden, zoals bij het 
lezen van complexere woordstructuren en het begrijpen van complexere teksten. 
Woord lezen was de enige vaardigheid die ook nog voorspeld werd door de mate 
waarin kinderen snel en geautomatiseerd plaatjes konden benoemen. Waarschijnlijk 
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heeft dit te maken met de efficiëntie en vloeiendheid die nodig is voor woord 
lezen. Waar woord lezen en spelling verder voornamelijk voorspeld worden 
door letterklankkennis, wordt begrijpend lezen juist meer voorspeld door de 
woordenschat van de kinderen. Daaruit concluderen we dat de ontwikkeling van 
woord lezen en spellen voornamelijk te maken heeft met het leren toepassen van 
teken-klank coderingen en regels (fonologie en orthografie), terwijl de ontwikkeling 
van begrijpend lezen meer te maken heeft met het leren toepassen en koppelen 
van betekeniscomponenten (semantiek).
Variatie in voorspellende familiekenmerken
Uit het onderzoek blijkt dat de woordleesontwikkeling van kinderen met een 
familieachtergrond van dyslexie achterblijft ten opzichte van hun klasgenootjes 
(Hoofdstuk 4). Het verschil tussen de kinderen neemt toe als de taken complexer 
worden (moeilijkere woorden lezen). Kinderen met een familierisico zijn dus gevoelig 
voor toenemende complexiteit in woordleestaken. 
De kinderen met een familierisico scoorden in groep 2 eigenlijk op alle cognitieve 
en taalkundige vaardigheden hetzelfde als hun klasgenootjes. Alleen op fonologisch 
bewustzijntaken scoorden zij zwakker. Omdat fonologisch bewustzijn een sterke 
voorspeller is voor woordleesvaardigheid, hebben de latere moeilijkheden in het 
woord lezen waarschijnlijk te maken met hun zwakkere fonologische bewustzijn. 
Kinderen met een risico op dyslexie zouden dus al vanaf het prille begin extra 
gestimuleerd moeten worden om hun fonologisch bewustzijn zo goed mogelijk te 
versterken.
In tegenstelling tot kinderen met een risico op dyslexie, ontwikkelen kinderen 
met een andere thuistaal zich niet anders op woordleesvaardigheden. Zij blijken 
echter minder goed in het begrijpend lezen van teksten (Hoofdstuk 5). Hoewel zij 
systematisch zwakker waren in begrijpend lezen dan hun eentalige klasgenoten, 
werd die achterstand gedurende groep 4 en 5 niet groter over tijd. De kinderen waren 
dus niet gevoelig voor de toenemende complexiteit in de begrijpend leestaken. 
De tweetalige kinderen hadden in groep 2 alleen een lagere woordenschat. 
Op de andere kleutermaten verschilden zij niet van hun klasgenootjes. Omdat 
woordenschat een sterke voorspeller is voor begrijpend lezen, denken we dat de 
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achterstand in begrijpend lezen te maken heeft met hun lagere woordenschat. 
Tweetalige kinderen kunnen dus op dezelfde manier leesles krijgen als hun 
klasgenootjes, maar zij hebben wel extra ondersteuning nodig bij het opbouwen 
van een goede woordenschat.
Conclusies
In antwoord op de eerste onderzoeksvraag, laten de resultaten zien dat zowel 
de woordlees-, spelling-, en begrijpend lezenontwikkeling sterk zelfvoorspellend 
(autoregressief ) zijn. Verder werd duidelijk hoe voorspellend de vroege 
woordleesvaardigheid is voor de ontwikkeling van latere spellingvaardigheden en 
begrijpend leesvaardigheden. Het lijkt erop dat een goede woordleesvaardigheid 
ten grondslag ligt aan een goede verdere geletterheidsontwikkeling. 
In antwoord op de tweede onderzoeksvraag werd aangetoond dat het brede scala 
aan cognitieve en taalkundige kenmerken die in groep 2 al kunnen worden gemeten, 
al vanaf het prille begin van groep 3 bijdraagt aan de voorspelling van leren lezen 
en spellen. De kleutervaardigheden blijven voorspellend over de schooljaren heen. 
Daarnaast zijn de familiekenmerken ook al heel vroeg voorspellend voor leren lezen 
en spellen. 
Implicaties voor de praktijk
De bevindingen in dit proefschrift kunnen implicaties hebben voor de praktijk. We 
kunnen concluderen dat al vanaf het begin van het leren lezen iedere volgende 
ontwikkelingsstap wordt voorspeld door de stap daarvoor. Dat is niet alleen 
aangetoond binnen een specifieke vaardigheid (bijvoorbeeld bij woord lezen), 
maar ook in het doorgeven naar andere vaardigheden (zoals van woord lezen naar 
begrijpend lezen; en van kleutermaten naar leesontwikkeling). Daarom is het van 
belang om kleine achterstanden of afwijkingen in alle gerelateerde vaardigheden 
goed in het oog te houden, en waar mogelijk direct te proberen om die achterstanden 
of afwijkingen bij te werken. Op die manier kunnen wellicht latere, ernstigere 
problemen in de kiem gesmoord worden. De resultaten van het huidige proefschrift 
laten zien hoe alle leescomponenten en de voorlopers van leren lezen met elkaar 
samenhangen en elkaar beïnvloeden. Omdat alle componenten samenhangen, 
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pleiten we zowel in reguliere leesinstructie als in de behandeling van kinderen 
met specifieke leesproblematiek voor een brede en geïntegreerde aandacht voor 
alle aspecten van het leren lezen. Dat wil zeggen dat bijvoorbeeld phonics-based 
leesinstructie zou moeten worden ingebed in betekenisvolle contexten, en dat 
bijvoorbeeld leren lezen ook direct gepaard zou moeten gaan met leren spellen. 
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Dankwoord
Dit proefschrift is wat tastbaar blijft na uren, weken, maanden en jaren onderzoek. 
Te vergelijken met wat overblijft in de zeef van een goudzoeker nadat hij met 
doorweekte kleding de oever van de rivier weer opklimt. Alleen datgene wat de 
strenge filters heeft doorstaan, vormt het proefschrift van mijn project. Zoveel ander 
moois ook tegengekomen, zoveel meanderende zijriviertjes ook betreden. Door dat 
alles tezamen is dit het stukje werk waar ik zo ongelofelijk trots op ben en wat me 
zo na aan het hart gaat: 
Een klein beetje extra kennis over de variatie in de vroege leesontwikkeling 
van kinderen. Een klein beetje extra kennis over hoe wij leerprocessen kunnen 
doorgronden. 
Dat hebben we samen gedaan.
Want uiteraard was dit proefschrift niet geweest wat het nu is zonder zoveel anderen. 
Dit proefschrift laat zien hoe we processen en ontwikkelingen kunnen modelleren. 
Hoeveel we daaruit kunnen aflezen en leren. Laat ik dan nu, in mijn dankwoord, ook 
juist de ontwikkelingen en processen die hebben geleid tot dit resultaat niet over 
het hoofd zien. Een woord van dank aan iedereen die ik op mijn persoonlijke en 
onderzoekspad ben tegengekomen. Waar ik zo fijn mee heb samengewerkt en zo 
veel van heb geleerd. Een aantal mensen in het bijzonder.
Een telefoontje, rond een uurtje of 10 ’s avonds. Ludo. Of ik geïnteresseerd zou zijn 
in een project gericht op leesontwikkeling. Een project waar mijn affiniteit met de 
taalwetenschap en met de gedragswetenschap zou samenvloeien. Uiteraard werd 
ik daardoor gegrepen. Het zal een maand later geweest zijn dat ik, rond een uurtje 
of 10 ’s ochtends, met Ludo in de trein zat op weg naar Uitgeverij Zwijsen. En dat 
ik nog diezelfde avond de feedback van Eliane op mijn ideeën voor de testbatterij 
verwerkte zodat ik het materiaal kon gaan maken en inzetten. 
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En voor ik het weet zijn we jaren verder. En al die tijd heb ik de stuwende kracht 
van Ludo en Eliane gevoeld. Ludo, dankjewel voor je onuitputtelijke enthousiasme, 
passie en je vloedstroom aan nieuwe ideeën. Dat voor jou nooit iets onmogelijk 
voor ogen staat, ook als ik zeker weet dat het eigenlijk niet kan. Dankjewel voor 
het prikkelen van mijn onderzoekshart. Eliane, ik geloof niet dat ik iemand ken die 
sneller denkt dan jij. En die ook nog doorheeft en onthoudt wat een ander denkt. 
Dankjewel dat je er was als het nodig was. Dat je het zag als het nodig was. Eliane 
en Ludo, een bijzonder samenspel. Dankjewel voor jullie nauwe aanvullingen op 
elkaar, en jullie gave mij hardop te laten redeneren en nieuwe gronden te betreden. 
Samen mijmeren, meanderen, en redeneren. En dan verwerpen of verder bouwen. 
Waardoor het onderzoek altijd net dat stapje beter werd. Mooie momenten vind ik 
dat. Ik ga dat missen. Na iedere bespreking was ik even vol. En er vol van. Wist ik weer 
even heel zeker waarom ik zo vol van dit project hou. 
In dit project had ik veel rollen, afwisselend van onderzoeker, projectmanager, 
testleider, en alles wat daar tussen en omheen balanceert. Daarbij ben ik zoveel fijne 
mensen tegengekomen. Ik heb ongelooflijk genoten van mijn samenwerking met 
Zwijsen, waar ik samen met Lysette, Marjon, Rosemarie, Astrid, en Annemieke in de 
data mocht duiken en resultaten kon bespreken. Dankjulliewel voor de hartelijke 
ontvangst en de hulp bij mijn soms specifieke vragen. Marjon, we hebben samen 
een enorme hoeveelheid brieven de deur uitgedaan en steeds weer binnen net iets 
te korte tijd de scholen op de hoogte gebracht van onze plannen en ideeën. En dat 
werkte.
Uiteindelijk heeft mijn hoofdproject zich toegespitst op 37 scholen die allemaal vol 
belangstelling en toewijding hebben deelgenomen. Daarnaast hebben nog eens 
12 scholen een schooljaar meegedaan. Ik realiseer me dat ik juffen, meesters, en 
intern begeleiders meestal net op de pieken van het schooljaar overladen heb met 
onderdelen van dit MoLeN-onderzoek (Monitoren Leesontwikkeling Nederlandse 
kinderen). Dankjulliewel dat jullie bijna allemaal bereid waren om 4 jaar lang met mij 
in contact te blijven, met de grootste zorg de toetsen af te nemen, en samen met 
ons een enorm grootschalig en langlopend onderzoek hebben mogelijk gemaakt. 
Ik vond het heerlijk om met jullie samen te zien hoe de kinderen zich ontwikkelden. 
Bijzonder hoe jullie mij het vertrouwen gaven om ook in een dergelijk groot project 
een band op te bouwen en een gastvrij inkijkje te krijgen in het reilen en zeilen op 
de school. 
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En dan al die kinderen. 1006 kinderen, daar begonnen we mee. In een zijproject 
kwamen er daar nog eens 300 bij. Ik heb me verwonderd over de vanzelfsprekendheid 
waarmee de kinderen mij accepteerden als ‘juf Moniek’ en hoe zij hun uiterste 
best deden om de soms saaie taaltaakjes te volbrengen. Uiteraard kon ik hun 
profielen niet allemaal zelf in kaart brengen. Met in totaal 14 studentassistenten, drie 
masterstudenten, en vier bachelorstudenten ben ik door heel Nederland getrokken 
om alle kinderen onze testbatterijen voor te leggen. Samen hebben we ontelbaar 
veel uren data zitten invoeren, planningen rond zitten breien en scholen nagebeld 
om informatie op te vragen. Dankjulliewel voor jullie interesse in het onderzoek, 
jullie secure manier van werken, jullie inzet zonder morren. Zelfs als je voor dag en 
dauw op weg moest, tijden moest wachten op lege plaatselijke buurtbusjes, of als 
je ’s nachts droomde van ingevoerde scores. Dankjulliewel voor jullie geweldige 
anekdotes over de testmomenten met de kinderen.
En die anekdotes deelde ik dan weer uitbundig met mijn vriendinnen thuis. 
Sommigen met hetzelfde onderzoekshart als ik; anderen die geen idee hadden 
waarom ik vrijwillig een dergelijke baan koos. Maar allemaal met dezelfde warme 
interesse en hetzelfde geduld als plannen anders liepen omdat Moniek weer zo 
nodig haar passie na moest jagen. Jullie zijn prachtig. Dankjewel. 
Gedurende mijn project beklijfde ook mijn liefde voor het onderwijs. Niks bleek 
meer energie te geven dan te discussiëren met studenten, ze te begeleiden in hun 
leerprocessen, en te zien hoe ze zich steeds een beetje meer thuis gaan voelen in 
de academisch kritische denkwijze. Lieve onderwijscollega’s van PWO, dank voor 
de mogelijkheden die jullie voor mij wisten te creëren om tijdens mijn gehele 
promotietijd zoveel ervaring op de toen als docent en zelfs mijn BKO te behalen. 
Tijdens de laatste fase van mijn promotieonderzoek, heb ik mijn plek gevonden 
als academisch docent aan de Universiteit van Utrecht. Ik kan slechts raden hoe al 
die nieuwe inzichten vanuit mijn werk als docent bij Onderwijswetenschappen de 
laatste stappen van dit onderzoek een boost hebben gegeven. 
Onderzoek doen maakt veel los. Althans, dat is mijn ervaring. Alle emoties die ik kan 
verzinnen zijn bij mij gepasseerd. Niet altijd op logische volgordes, niet altijd op 
logische momenten. Of ik nou euforisch blij was met een redelijk draaiend model, 
stuiterend van enthousiasme uit een goede bespreking kwam, me geen raad wist 
met reviews van artikelen, niet wist hoe ik alles tegelijk af moest krijgen, melig van 
de lange dagen zelfs mijn eigen grappen niet meer leuk vond, kleine vragen niet 
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beantwoord kreeg, grote vragen bleven steken in redenaties, of als ik gewoon een 
normale werkdag had (dat laatste kan ik me niet zo goed herinneren): ik vond altijd 
de juiste reactie bij mijn liefste collega’s op de afdeling. Omdat zij herkenden, wisten 
en begrepen. Omdat zij met me mee brainstormden, me hielpen met hun kennis, 
me met praktische zaken bijstonden, me streng toespraken, of gewoon met me 
meelachten. Omdat niemand beter wist hoe het onderzoek je in zijn greep kan 
houden en kan bepalen hoe je gemoedsrust zich ontwikkelt. Hoe het soms ineens 
om kan slaan. Hoe hoog pieken kunnen pieken, maar ook hoe stijl die pieken kunnen 
voelen. Hoe het altijd weer opkrabbelt en vurig voortgaat. Dat gedeelde weten en 
begrijpen gaf een ongelooflijk samenhorigheidsgevoel. Op grote conferenties die 
als vakanties voelden, summerschools die als schoolkamp waren, maar meer nog 
iedere dag op de afdeling die als een thuis was. Liefste allemaal, jullie zijn mijn liefste 
collega’s, maar daarnaast zo’n waardevolle vrienden geworden. Ik kan jullie niet meer 
missen.
Dat het project me niet koud liet, heeft ook mijn omgeving thuis gemerkt. Lieve Papa 
en Mama, lieve Coby en Fred, lieve Petra, Erwin en Zosia, lieve familie, dankjulliewel 
dat ik zonder rem op de praatstoel mocht zitten als het over mijn passie ging. Dat 
ik met jullie kon praten over mijn dilemma’s en mijn keuzes. Petra, dankjewel voor 
precies de juiste thee en chocolaatjes op precies de juiste momenten. Pap en mam, 
jullie vertrouwen en rust hebben me gesteund. Dankzij jullie weet ik wat uiteindelijk 
echt belangrijk is. Hoe ik balans houd en niet uit het oog verlies. Jullie hebben me 
ook geleerd hoe ik aan moet pakken, hoe ik dapper kan zijn. Hoe ik na moet denken, 
in moet zetten, mijn gevoel mag volgen, niet persee de logische weg hoef te kiezen. 
Hoe ik mezelf mag en moet zijn. Jullie leerden mij te vertrouwen op het proces en 
ontwikkeling te omarmen. Dat zijpaden ook hoofdpaden mogen worden, dat doelen 
ook via zijpaden bereikbaar zijn, dat flexibiliteit in doen en denken mogelijkheden 
geeft die eerder niet zichtbaar leken. Dankjulliewel.
Lieve Tim, bij jou ben ik thuis. Niemand weet meer van dit project dan jij. Niemand 
stond dichter bij dit proces dan jij. Niemand volgde de ontwikkeling nauwkeuriger 
dan jij. Als er iemand onafgebroken mijn eigen paranimf is geweest in de afgelopen 
onderzoeksjaren, ben jij het. Je stimuleerde me om te vechten voor mijn passies. Je 
sterkte mijn gevoel dat ik op de juiste weg was. Je troostte me als dat even niet zo 
leek. Je hield me vast als ik dacht dat ik los stond en even niet meer wist waar ik mijn 
project op moest pakken. Je liet me los als ik dacht dat ik vastzat en even geen letter 
op papier kreeg. Je gaf me lef en vertrouwen. Je gaf me rust en aandrijving. En iedere 
  |  217
keer weer luisterde je. Je stelde precies die ene vraag waardoor ik een nieuw idee 
kreeg of besefte wat ik over het hoofd zag. Precies goed. Zoals altijd. Lieve, liefste 
Tim, dankjewel. Dat jij jij bent. Dat wij wij zijn. Ik hou van je. Zoveel. Altijd.
Op 13 september 2019 verdedig ik dit onderzoek met opgeheven hoofd. Omdat 
jullie er allemaal met mij zijn. Naast mij twee prachtige krachtige paranimfen. Een 
weerspiegeling van de afgelopen tijd.
Mijn dank aan jullie allen is meer dan ik in woorden kan schrijven. Ik hoop dat je het 
voelt en simpelweg weet: Jullie zijn goud.
Alle liefs, Moniek
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